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A number of studies which have examined
reliability of spinal assessment procedures in
manual therapy are reviewed. The tests exam-
ined were Passive Accessory Intervertebral
Movements, Passive Physiological Interverte-
bral Movements, Straight Leg Raise and For-
ward Flexion. In general, tests of pain were
found to be much more reproducible than tests
of compliance. Straight Leg Raise and Forward
Flexion tests were consistently more reliable
than the Passive Intervertebral Movement tests.
Possible explanations for these findings are ad-
vanced. The role of tests of compliance based
on passive intervertebral movements in clinical
decision-making may need to be re-examined.
An appendix on reliability theory is included for
the uninitiated reader.
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Manual therapy employs a variety of
assessment techniques such as the for-
ward flexion (FF) test, the straight leg
raise (SLR) test, passive accessory in-
tervertebral movements (PAIVM) and
passive physiological intervertebral
movements (PPIVM). Collectively
these tests and other similar ones may
be taken to define the field of 'clinical
arthrometrics' .
Clinical arthrometry provides the ba-
sis for a laudably empirical approach
to treatment. Among other goals, test-
ing is variously employed to help in
the selection of a region for treatment,
in the selection of appropriate manual
techniques and in monitoring case
progress. Clearly, then, the adequacy
of the assessment procedures is a major
issue in the field. However, inspection
of the journal literature to 1980 re-
vealed a remarkable dearth of system-
atic investigations into the reliability,
validity and scaling properties of the
clinical assessment procedures em-
ployed by manual therapists. Conse-
quently, a research programme was in-
itiated in 1980 with the intention of
clarifying some of these issues.
The aim of the present paper is to
review several studies whose common
theme is the reliability of some tech-
niques in clinical arthrometry. The ma-
jority of studies reviewed below are
part of a continuing programme of re-
search being carried out at the Lincoln
Institute of Health Sciences in conjuc-
tion with its postgraduate curriculum.
Studies were conducted by postgrad-
uate physiotherapists working under
the guidance of experienced clinicians
and one or both of the authors.
The paper is organized in five sec-
tions. The first section describes a
method for measuring forces applied
during manual procedures. The second
section reviews studies on the reliability
of pain measurement with three man-
ual techniques: the PAIVM test, the
FF test and the SLR test. The third
section reviews studies on assessment
of spinal compliance with PAIVM and
PPIVM tests. The fourth section de-
scribes our studies on the reliability of
producing two grades of mobilization
described by Maitland (1977). Al-
though these are not studies of assess-
ment techniques, the findings are rel-
evant to those of section three. Section
five conducts an integrative discussion
of the studies performed to date. Each
section also attempts to integrate the
results of pertinent publications gen-
erated outside our programme.
I. An Indirect Method for
Estimating Applied Force
During Therapeutic
Procedures
Studies of the reliability of thera-
peutic techniques have been limited by
a lack of objective measures of ther-
apist performance. While therapist per-
ceptions may be readily obtained,
measurement of the mechanical effect
of therapeutic intervention is con-
founded by the requirement that meas-
urement techniques should not inter-
fere with the task. To overcome this
restriction, we have developed a
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method which enables the indirect
measurement of forces applied by ther-
apists during mobilization and assess-
ment techniques.
The procedure requires that thera-
pists perform their assessment or treat-
ment techniques while standing on a
force platform. Figure 1 illustrates the
position of the therapist during appli-
cation of postero-anterior pressure to
the lumbar spine of a patient and in-
dicates the three forces acting on the
therapist. For this situation we can
write:
F + G - W = rna (1)
where W is the weight of the therapist,
F is the reaction to the force applied
by the therapist to the patient, G is the
ground reaction force measured by the
force platform, m is the mass of the
therapist, and a is the acceleration of
the centre of gravity of the therapist.
In order to solve this equation for the
applied force, F, values of W, G and
a must be known. The ground reaction
force G, is readily obtained from the
force platform as is the body weight
W, when F and a are zero. Techniques
are available which enable computa-
tion of the acceleration of the centre
of gravity a, but these techniques are
too tedious and time consuming for
routine application. An alternative ap-
proach is to make some assumptions
about the behaviour of a during mo-
bilization and assessment techniques.
For some of the experiments re-
ported here these assumptions present
little difficulty. If a therapist palpates
a point in range and holds that point
for a brief period of time (0.5s-1s) while
recordings are made, acceleration can
be assumed to be virtually zero over
this period. For the purposes of this
paper, this method will be termed the
static force measurement technique.
Similarly, if a therapist performs os-
cillatory mobilizations and force plat-
form data is sampled over a much
longer period of time (20 or more os-
cillations), the average acceleration over
the sampling period will be virtually
zero (otherwise the therapist would ac-
Figure 1:The forces which act on
a therapist performing spinal mo-
bilization or palpation are body
weight, W; the ground reaction
force, G; and the reaction to the
force applied to the patient, F.
quire a net positive or negative veloc-
ity). The difference between body
weight and the measured ground re-
action force is an accurate estimate of
mean applied force in both cases.
In other experiments considered here,
estimates of oscillation amplitude and
peak applied force were required. The
method employed in these studies will
be termed dynamic force measurement.
Instantaneous values of applied force
are much more susceptible to inertial
effects than average values. Bach (1985)
has adopted an empirical approach to
estimate the degree of error involved
in using the force platform output (es-
timated force) as an indirect measure
of applied force under different con-
ditions of movement amplitude and
frequency. Bach (1985) found that the
error associated with oscillation am-
plitude measurement by this technique
was approximately 12070. The error of
estimating peak forces by this tech-
nique was in the neighborhood of
1-3070 depending on characteristics of
the applied forces.
In the studies reviewed in this chap-
ter we have measured only the vertical
component of force. Many assessment
and treatment techniques require that
force components other than vertical
be applied. However, studies described
here concentrated on postero-anterior
central vertebral pressures on prone pa-
tients and therefore primarily vertical
forces were involved. In one experi-
ment (Collis-Brown 1982) involving 192
measurements of applied force during
a posterior-anterior PAIVM assess-
ment the mean difference between the
vertical component of the applied force
and the total applied force was 1.8N.
This represented 0.5070 of the total
range of measured forces. We have
therefore chosen to neglect horizontal
components of the applied force in
techniques involving primarily postero-
anterior movements.
An unresolved issue is that of the
pressure distribution between therapist
and patient. In studies of applied force
reported here therapists were required
to use the pisiform techniques as de-
scribed by Maitland (1977, p.137). This
technique involves placing the hands
so that the point of contact with the
spinous process is the medial border of
the hand between the pisiform and the
hamate. The purpose of this placement
is to localize the pressure distribution
as much as possible. The proportion
of total applied force which acts on
the vertebral body itself could differ
between therapists and between pa-
tients as a result of anatomical varia-
tion in soft tissue distribution in both
the hands of therapists and the backs
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of patients. To our knowledge, there
is no method available for obtaining
precise information on these pressure
distribution patterns but differences are
likely to be very small. Furthermore,
these errors are fixed by the experi-
mental designs employed: the thera-
pists' hands do not change; the indi-
viduals tested and retested are the same;
the anatomical loci are the same. Thus
only absolute force values will be sub-
ject to pressure-distribution error. Re-
liability coefficients, which are only af-
fected by random error, will not be
influenced (see Appendix).
II The Reliability of
Some Movement Tests
of Pain in the Lumbar
Spine
Tests of pain may employ either pas-
sive movements as in PAIVM, PPIVM
and SLR tests or active movements as
in the FF test. These tests are employed
to chart 'pain behaviour' (Maitland
1977). Although other features, such
as 'quality' of pain, may also pertain,
'pain behaviour' is often conceived as
a two dimensional function: pain ver-
sus range of movement (ROM). Key
features of this function are: the point
in ROM of pain onset (PI); the pain
intensity at the limit of movement
(when the limit is caused by factors
other than pain), or the point in ROM
where pain is of sufficient intensity to
limit movement (P2); and the dynamics
of pain intensity between PI and P2,
ie the nature of the change in pain
intensity as a function of ROM. Pain
assessment is an essential feature of
initial diagnosis, acute pre-post evalu-
ation of manual intervention and longer
term evaluation of intersession devel-
opment. Therefore intertherapist reli-
ability, within-session test-retest relia-
bility and between-session test-retest
reliability are all relevant practical is-
sues for evaluating PI, P2 and pain
dynamics. Our studies to date have ex-
amined only some of these issues.
Results witb tbe PAIVM test
Collis-Brown (1982) and McNeill
(1982) examined in a within-session de-
sign the test-retest and intertherapist
reliability of locating PI in ROM when
using PAIVM. Four physiotherapists
with postgraduate qualifications in
manual therapy examined two seg-
ments from each of 12 patients. Pa-
tients were included if prior examina-
tion revealed: a history of back pain
or current back pain; a non-irritable
condition; and discernible pain onset
in at least two lumbar levels on appli-
cation of PAIVM. Patients were ex-
amined in prone with the two relevant
lumbar levels pre-marked. As much of
the upper and lower body was covered
as was possible in order to reduce body
identity. No communication was per-
mitted other than the response 'Now'
to the question 'Tell me when the pain
starts'. The static force measurement
technique described earlier was used to
measure applied forces. Therapists re-
corded their conclusion on a l00mm
visual analogue scale (VAS). This per-
mitted simultaneous measurement of
the force at which PI occurred and the
subjective distance from ROM origin
where PI occurred according to the
therapist. To control for series effects
therapists examined the patients in a
latin square design (Meyers and Gros-
sen 1974), with patients randomly al-
located to four groups of three. After
three patients were examined by all
therapists the entire procedure was re-
peated. The experimental design there-
fore provided 24 test and 24 retest
measurements from each of four ther-
apists under conditions which at-
tempted to minimize information other
than the PI response to PAIVM.
ColJis-Brown (1982) found that the
average test-retest reliability coefficient
for palpation conclusions was 0.73.
This was only a little less than the
average correlation between the test and
retest forces required to produce a PI
response, which reached a value of
0.83. The difference between the two
coefficients was not statistically sig-
nificant. In terms of classical reliability
theory this implies that 270/0 of the
variance in PI observed by palpation
was due to random error. This error
may be conceived as a composite result
of at least two processes: random
changes in the patients's pain condi-
tion, or in the verbal report; and ran-
dom error in the therapist's ability to
perceive the point in ROM where PI
was reported and record it on the VAS.
An estimate of the first component may
be obtained from the test-retest cor-
relation of the forces, which do not
depend on therapist perception and re-
cording ability. This method estimates
that 17070 of the observed score vari-
ance was due to random error in the
patient's report, although the true value
will be somewhat lower because an
amount should be allowed for the ran-
dom error in force measurement.
Nevertheless, it was apparent that ran-
dom error due to therapist perception
and recording was small.
From a practical point of view, how-
ever, random error destroys judgement
reliability irrespective of its genesis in
the patient or the therapist. To make
interpretation of patient changes
clearer, confidence intervals were com-
puted for the therapist judgements.
These estimated that for 950/0 confi-
dence that a change does not reflect
merely random error, a therapist must
observe a change of at least 340/0 of
full scale on the VAS. In clinical situa-
tions confidence as low as 80070 may
sometimes suffice. This was estimated
to require a change of at least 22070 on
the VAS. It is difficult, given the lack
of evidence on the size of the effect
requiring measurement, to decide if the
random error is sufficiently small.
McNeill (1982) examined the degree
of intertherapist reliability present in
the above experiment. The average in-
tertherapist correlation was 0.62. This
indicates that a substantial proportion
of the variance in observed scores
(38070) was attributable to intertherapist
variation in performing the test. The
intertherapist correlation in forces re-
quired to produce PI was 0.75, which
was not significantly lower than the
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intratherapist value of 0.83. A large
portion of the variability in interther-
apist correlations was attributable to
random error in patient report (25070)
and a smaller portion to differences
between therapists (13070).
The effect of conducting a broader
PAIVM test, including compliance fea-
tures, spasm, and a complete chart of
'pain behaviour', was investigated sub-
sequently by Flint (1983). Four manual
therapists with postgraduate qualifi-
cations independently examined one
lumbar level from each of twelve pa-
tients. The patients were selected from
several clinics providing that a screen-
ing physiotherapist identified, follow-
ing a full examination (Maitland 1977),
current back pain attributable to the
lumbar region. The patients were ex-
amined in a latin square sequence as
in the earlier study. The movement dia-
gram described by Maitland (1977) was
employed as a two dimensional VAS
of Intensity x ROM (67xl00mm). Ther..
apists recorded PI, P2, the dynamics
of pain between PI and P2, as well as
the other features typically required by
a Maitland movement diagram: the
limit of range (L); the point in ROM
of resistance onset (Rl); limiting re-
sistance (R2); the dynamics of resist-
ance between Rl and R2; and the be-
haviour of muscle spasm, if present
(Maitland 1977). The screening physio-
therapist premarked the level to be
tested, which was the 'most sympto-
matic' level found in the prior exami-
nation. Therapists were required to
palpate only the marked level using
central PAIVM. No other patient in-
formation was given to the therapists.
Flint (1983) found that the mean in-
tertherapist correlatioc for locating PI
in ROM was 0.48, somewhat lower
than the 0.62 obtained by McNeill
(1982). Although this difference is not
statistically significant, the result in-
dicates that additional palpation infor-
mation failed to improve the reliability
of PI ratings.
Furthermore Flint's sample had a
more acute status than that employed
by McNeill. Thus the result also failed
to support the hypothesis that PI rat-
ings from more acute patients would
provide better reliability because acute
patients are likely to have a clearer pain
onset, with a distinct 'bite of pain'
(Maitland 1977, Collis-Brown 1982,
McNeill 1982).
As a part of the same study, Flint
also examined intertherapist reliability
in measuring pain intensity at P2. She
found a mean intertherapist reliability
coefficient of 0.75, a relatively good
result and the best intertherapist reli-
ability coefficient obtained to date in
our PAIVM investigations. It is inter-
esting to note that this feature of the
movement diagram is probably more
reliant on the patient's response and
less reliant on the therapist's ability
than any other PAIVM finding.
A final aspect of the reliability of
pain assessment investigated by Flint
was the degree of intertherapist agree-
ment on whether pain, spasm or re-
sistance was the cause of movement
limitation. The mean pairwise agree-
ment was 66.6070 which proved signifi-
cantly higher than the expected random
agreement rate (51.8070) given the ob-
tained base rates. Nevertheless, an in-
tertherapist disagreement rate of 32.4010
is substantial in a practical sense, since
the decision about the cause of move-
ment limitation plays a significant role
in selecting treatment approach (Mait-
land 1977).
Results with the SLR test
The SLR is a widely used test,
recommended (Cyriax 1982) for both
diagnosis and progress evaluation. It is
associated with a considerable body of
literature discussing its underlying
processes (Goddard and Reid 1965,
DePalma and Rothman 1970, Murphy
1977, Breig and Troup 1979 and Cyriax
1982). Like the PAIVM test it employs
passive movement, but the movement
is 'physiological' rather than 'acces-
sory'.
McFarlane (1981) examined the re-
liability of assessing pain onset as a
point in ROM during the SLR. Twenty
patients with low back pain of recent
origin were selected from several Mel-
bourne hospitals provided that they did
not show an unusually high anxiety
component, or failed to show a change
in symptoms under 80° of SLR, or
showed restricted movement or pain in
the squatting test. Five SLR tests to
pain onset were performed on each
subject with a 90 second inter-test in-
terval. A gravitational goniometer, was
used to record the angle at PI. Medial
hip rotation was manually controlled
as suggested by Breig and Troup (1979).
A mean test-retest correlation of 0.96
was found between adjacent pairs of
trials, indicating a very high reliability
for this test. On the basis of Mc-
Farlane's data we calculated that a
change of at least 13.6° should be ob-
served in P1 if changes due to random
error are to be excluded with a cer-
tainty of 95070. If typical normal ROM
is estimated around 90° (DePalma and
Rothman 1970, Cyriax 1982) the 95070
confidence interval for test-retest
change is 15070 of scale, which is better
than the 34070 obtained with the
PAIVM test (Collis-Brown 1982). Thus
both metric and metric-free estimates
of reliability show better values for the
SLR test.
In addition, McFarlane examined the
possibility that systematic trends may
occur in the SLR data. She found that
the range to pain onset increased be-
tween successive tests by an average of
1.2° which was a statistically signifi-
cant effect. Therefore increases in range
to pain onsets of 15 0 would probably
be safer minima for error free estimates
of therapeutic improvement between
succeeding tests obtained within ses-
sion.
A subsequent experiment performed
by Puentedura (1983) to examine the
effects of trunk position on the SLR
test indirectly yielded confirmatory evi-
dence of high reliability for this test.
Puentedura recorded pain onset and
limiting pain in seventeen young, non-
symptomatic subjects who reported no
history of chronic musculoskeletal ill-
ness. Electrogoniometric readings were
obtained with the trunk in three posi-
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tions: neutral, maximal contralateral
flexion and supported lumbar lordosis.
All tests were performed in supine on
a flat surface. Within each posture ten
pain onset and two limiting pain ob-
servations were performed. However,
since repeated measures within each
posture were obtained with no inter-
vening treatment, we were able to re-
examine Puentedura's raw data for test-
retest reliability coefficients. Regard-
less of posture these proved to be uni-
formly high. The mean test-retest cor-
relation between adjacent pain onset
trials within a posture was 0.98. The
limiting pain data yielded an average
correlation of 0.96. These results con-
firm and extend those of McFarlane.
In the period between the studies of
McFarlane and Puentedura three pub-
lications appeared (Hoehler et af 198~
Lankhorst et af 1982, Million et of 1982)
which seem to further confirm the high
reliability of the SLR test. Million et
of (1982) found a within session retest
reliability of 0.97 using nineteen pa-
tients. Lankhorst et of (1982) using an
active SLR reported error components
for both interobserver and interday as-
pects from a factorial design applied
to 48 low backache patients. From their
results we calculated an interday test-
retest reliability of 0.96-0.97 and in-
terobserver reliability of 0.93-0.96.
Slightly poorer results were found by
Hoehler and Tobis (1982) for inter-
observer reliability when measuring
passive SLR (r = 0.78), although for
active SLR the results were comparable
(r = 0.95).
Results with the FF test
Like the SLR test, the FF test in-
volves 'physiological' movement.
However the test is one of active rather
than passive movement. During active
forward bending in the sagittal plane,
with the knees extended, several para-
meters may be recorded. These include
ROM to pain onset (PI) and ROM to
maximum pain tolerance (P2) among
others. The test is widely used as a part
of various approaches to examination
of the lumbar spine (Maitland 1977,
Stoddard 1980, Cyriax 1982). The pur-
pose of this subsection is to review four
studies our group performed on the
reliability of the FF test for measuring
pain parameters.
Several methods for recording ROM
during FF tests have been reported in-
cluding skin distraction (Macrae ~d
Wright 1969, Van Adrichem and Van
Der Korst 1973), spondylometry
(Twomey and Taylor 1979, Stoddard
1980), inclinometry (Loebl 1967), tan-
gential hydrogoniometry (Anderson
and Sweetman 1975), radiography
(Hauley et of 1976) and photography
(Troup et al 1967). Some of the pre-
vious literature investigating the ade-
quacy of these measurement methods
has been concerned with their relative
value for assessing spinal mobility
(Troup et af 1967, Van Adrichem and
Van Der Korst 1973, Reynolds 1975,
Moran et al 1979). Much of the evi-
dence has been collected from normal
samples (Loebl 1967, Troup et a/1967,
Van Adrichem and Van Der Korst
1973, Reynolds 1975, Moran et af
1979). The purpose of the studies re-
ported below was to examine pain
measurement with a view to clinical
application. Therefore simplicity was a
criterion for selecting the approach to
measuring ROM. This excluded radi-
ographic and photographic methods.
The method adopted was to measure
fingertip position using a measuring
tape (Kapanji 1974). Apart from its
simplicity this method seemed appro-
priate because kinesiological analysis
suggests that it is influenced not only
by spinal movement, but also by hip
movement and a variety of associated
structures including muscle and con-
nective tissue (Farfan 1973, Van Ad-
richem and Van Der Korst 1973, Hart
et 0/1974). While this is a disadvantage
for the assessment of specific mobility
in the lumbar spine (Moll and Wright
1976), it may be an advantage in the
measurement of pain, particularly pain
progress, where a variety of structures
may be implicated.
Kwong (1981) investigated the test-
retest reliability of assessing PI with
the FF test. Twenty patients attending
a physiotherapy clinic were sampled
provided they had low back pain with-
out either hip involvement, a list, or
scoliosis. Patients were assessed in
briefs and bare feet after the promi-
nence of the tibial tuberosity was
marked. They were required to bend
forward, sliding their hands down their
thighs, without deviation from the sag-
ittal plane, until pain onset. Patients
with pre-existing background pain were
instructed to stop on onset of a pain
change. Using the tibial tuberosity
mark as origin, ROM to PI was re-
corded by measuring the distance to
the tip of the midfinger with a nylon
tape. Three measurements with an in-
tertrial interval of one minute were ob-
tained from each patient. The mean
test-retest correlation between trial
pairs was 0.98, indicating very high
reliability. Using Kwong's data we cal-
culated that changes of 83mm or more
would give 95070 confidence that the
observed change was not the result of
random error of measurement.
Systematic error due to repeated
measurement was assessed by compar-
ing the central tendency in the three
samples. No statistically significant dif-
ferences were obtained, although there
was a suggestion that an initial practice
trial might stabilize the data.
Using the same FF measurement
technique, Bruce (1981) investigated the
test-retest reliability of assessing the
point of limiting pain (P2). Twenty
patients with low back pain were se-
lected from a private physiotherapy
clinic provided they were not restricted
by bilateral hamstring tension, or had
less than 600 ROM, or had an 'irritable
condition'. Patients were randomly al-
located to two groups of ten. Three
measurements were taken from all sub-
jects. An objective examination of the
spine (Maitland 1977) was interpolated
in one group between the first and sec-
ond measure and in the other group
between the second and the third meas-
ure. The other intertrial intervals were
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three minute rests. Test-retest correla-
tion, when only rest intervened be-
tween the two trials, was 0.98. This
was consistent with Kwong's results.
Test-retest correlations between trials
separated by the objective spinal as-
sessment were 0.87 and 0.99. Using the
reliability coefficient of 0.98 and
Bruce's raw data we calculated that
changes of 33mm or more would give
95070 confidence that the observed
change was not the result of random
error of measurement. No systematic
bias due to repeated measurement was
found, replicating Kwong's data.
The studies performed by Bruce and
Kwong were limited to assessing within-
session retest reliability. While evalu-
ation of within-session progress is a
main use of assessment in manual ther-
apy, the results of Bruce and Kwong
are not necessarily generalizable to be-
tween-session retest intervals. There-
fore Patterson (1982) examined limit-
ing pain in FF on two consecutive days.
Three FF tests were conducted on Day
1 separated by one minute rest inter-
vals. The procedure was repeated on
Day 2. A sample of 12 subacute or
chronic low back pain oatients were
selected, using similar criteria to those
of Bruce and Kwong. The mean within-
session retest reliability was found to
be 0.98, confirming the findings ob-
tained by Bruce. The mean between-
session retest reliability was 0.97, not
significantly lower than that obtained
within-session. The 95070 confidence in-
terval for measuring changes within-
session was 45mm, slightly higher than
that obtained by Bruce. The 95070 con-
findence interval for measuring changes
between days was 52mm.
Maitland (1977, p.171) recommends
that a therapeutic effect should only
be assumed if an improvement of
25mm or more in limiting pain is ob-
tained. This conclusion, based on clin-
ical observation and in the absence of
formal analysis, compares well to our
experimental estimates. In terms of the
random error estimate obtained by
Bruce, changes in excess of 25mm af-
ford 87070 confidence. In terms of Pat-
terson's within-session estimates 25mm
changes afford 76<1/0 confidence. Be-
tween-session conclusions should be
taken even more conservatively: our
calculations based on Patterson's data
estimate only 68070 confidence for a
minimum change of 25mm.
Another possibility for measurement
error on reassessment is that repeated
exposure to the same test may create
a systematic bias. Serial effects may
occur as a result of changes in the
relevant anatomy/physiology caused by
the initial test, placebo phenomena, or
simply skill learning. In Kwong's study
no statistically significant differences
were obtained among the three trials.
The largest mean difference was only
6mm and occured between the samples
of trials 1 and 2.
The most recent study in this series
was designed to determine if the high
reliability found in the three previous
studies was an artefact of the way the
test was performed. At least two ob-
vious hypotheses might be invoked to
suggest that the high retest reproduci-
bility resulted from factors other than
pain sensation. One hypothesis is that
visual and tactile feedback was avail-
able to patients in these studies since
they could see their own performance
and the test procedure required the
hands to slide down the legs. Another
hypothesis, more difficult to test, is
that the high reproducibility merely
represents memory for movement
rather than recurrence of a given pain
level at the same point in ROM.
To investigate these hypotheses
Munro (1983) examined the within-ses-
sion retest reliability on a modified FF
test. The test was performed with a
blindfold. Furthermore, instead of
sliding their hands down their legs,
subjects were required to bend for-
wards while depressing a low-friction
plunger vertically with the tips of the
middle fingers (Moll and Wright 1976).
The plunger was part of an apparatus
containing a metric scale and pointer
which permitted location of movement
endpoint to the nearest millimetre. A
final modification to the previous pro-
cedure was that a simple motor task
(manipulation of a nut and bolt) was
interpolated between the test and the
retest in an effort to produce some
disruption in sensorimotor memory.
Two groups of subjects were tested.
The first group comprised 17 low back
pain patients selected along criteria
similar to those of the earlier studies.
The second group comprised 17 asymp-
tomatic subjects. Subjects were selected
in the asymptomatic group on a
matched pair basis with a low back
pain subject. The matching criteria
were gender and age parity (within 6
years). The asymptomatic member of
each matched pair was required to per-
form a task yoked to the initial per-
formace of the low back pain subject.
A mechanical block, placed at the same
point where the symptomatic subject
showed pain onset, was used to stop
forward bending of the asymptomatic
subject during the test. During the re-
test, which followed the interpolated
task, the block was not present and
asymptomatic subjects were required
to simply stop at the point as they recall
it from the initial test. Symptomatic
patients were required to stop on pain
onset during both tests.
Despite the blindfold and the inter-
polated task, symptomatic subjects
showed a test-retest correlation of 0.99.
Statistical analysis revealed that this
was significantly higher than the cor-
relation shown by the asymptomatic
group (0.92). The high reliability ob-
tained confirmed the earlier FF data
(Bruce 1981 , Kwong 1981, Patterson
1982). More importantly, however, the
superior reliability of the symptomatic
group under these stringent perform-
ance requirements suggests that pain
sensation was contributing, rather than
visual or tactile feedback. Similarly,
performance on memory alone can be
rejected, although a more convincing
demonstration could probably have
been obtained by employing a longer
intertest interval and an interpolated
task using the same joints as the FF
test, but which does not aggravate the
pain.
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In conclusion, our studies of the FF
test for pain have consistently pro-
duced high reliability estimates and
suggest that pain is indeed being ac-
cessed. This finding is in contrast to
the deprecatory conclusions of some
other authors (Hart et at 1974, Rey-
nolds 1975, Moll and Wright 1976,
Moran et a/ 1979). The FF test is said
not to be a good measure of spinal
mobility (Hart et a/ 1974, Reynolds
1975, Moll and Wright 1976). This may
be so but the point is irrelevant to the
measurement of pain and its progress.
The FF test is said to be influenced by
structures other than those of the lum-
bar spine (Reynolds 1975, Moran et at
1979). We have already addressed this
issue indicating that from the point of
view of monitoring pain progress this
may be an advantage. In general there;;
fore, results indicate that the FF test
should not be overlooked as a simple
and reliable clinical test for assessing
pain changes, particularly if other as-
pects of the assessment have estab-
lished the nature of the underlying pain
process. Finally, it is interesting to note
that the reliability coefficients of the
SLR and FF tests, both of which in-
volve 'physiological movements', were
comparable and consistently higher
than those obtained for PAIVM tests
of pain.
III The Reliability of
Some Clinical
Procedures for
Assessing Compliance
Manual tests of spinal compliance
probably form the most characteristi-
cally unique contribution of manual
therapy to the diagnostic armamentar-
ium. Their objective is to employ the
therapist's perception of displacement
and 'resistance' to obtain a subjective
model of spinal compliance, which can
be used for a variety of decisions (Mait-
land 1977). That this involves a per-
ceptual model of spinal compliance,
including dynamic parameters, can be
seen most clearly in the development
of the two-dimensional movement dia-
gram (Maitland 1977). Manual assess-
ment of compliance contains, in coun-
terpart to pain assessment, some key
parameters: the point in ROM of re-
sistance onset (Rl); the point in ROM
where resistance limits passive move-
ment (R2); and the compliance func-
tion which links Rl and R2. Compli-
ance tests have a role in: initial
diagnosis, including selection of the
level to be treated and type of mobi-
lization to be utilized; the evaluation
of progress within-session following
treatment; and progress between ses-
sions (Maitland 1977).
Consequently test-retest and inter-
therapist reliability are relevant issues.
The majority of our studies to date
have been concerned with PAIVM
(Baker 1981) Millman 1981 , Wong
1981, Weeks 1982, Allen 1983, Flint
1983) although one study involving
PPIVM (Clarkson 1982) is also re-
ported below.
Studies evaluating tbe reliability of Rl
and R2 assessment witb PAIVM
Despite the relatively widespread use
of the PAIVM assessment procedures
described by Maitland (1977), a review
of the literature prior to 1981, the time
of our group's initial study (Baker
1981, Wong 1981), revealed a remark-
able dearth of systematic attempts to
evaluate the reliability of these proce-
dures.
An initial study designed to estimate
intertherapist reliability for locating Rl
and R2 in ROM was conducted by
Baker (1981) and Wong (1981). Three
therapists independently examined six
spinal levels from each of eighteen sub-
jects. The subjects had an age range
of 18 to 54 and no history of recent
spinal pain. The six levels examined
were C2, C6, T2, TIO, L2 and L4. The
three cephalad processes were exam-
ined with thumbs in apposition. The
three caudad processes were examined
with pisiform technique. Each thera-
pist was required to mark Rl, R2 and
the compliance function linking them
on a 45x60mm movement diagram
(Maitland 1977). The ROM to Rl and
to R2 was then obtained to the nearest
millimetre. Using these measures, in-
tertherapist correlation coefficients for
each joint were then obtained for each
pairwise combination of therapists.
Intertherapist correlations were lower
than those obtained in PAIVM tests of
pain. The mean coefficient for Rl
across all spinal levels was 0.30. The
best mean correlation for a single level
was 0.64, obtained from L4. This was
significantly superior to the other coef-
ficients obtained. The mean correlation
for R2 across all spinal levels was 0.28
and the best mean correlation for a
single level was 0.58, obtained from
L2. The L2 value was significantly su-
perior to that of C6, T2 and TI0. Other
differences between the reliabilities
given by the six levels were not statis-
tically significant. Although the mean
reliability coefficients of 0.30 and 0.28
were statistically significant, they were
disappointingly low.
In a subsequent study Weeks (1982)
examined the within-session and inter-
week test-retest reliability for locating
Rl. Four therapists independently ex-
amined three joints from each of twelve
subjects. None of the subjects had a
history of recent spinal pain. The age
range was 20-50 years. Each therapist
palpated C2, T4 and L5 on two oc-
casions one week apart. Within each
session the joints were assessed twice
on a rotational basis across the twelve
subjects, ie the examination of eleven
subjects intervened between the first
and second assessments within the ses-
sion. Therapists were required to mark
the location of Rl on an 80mm VAS
marked in quarters. Apart from the
areas to be examined, subjects' bodies
were draped.
Distances to R1 were then used to
compute, for each segment, the within-
session and interweek reliability coef-
ficients for each therapist. The within-
session correlation was 0.46 when aver-
aged across all four therapists and all
three joints. The interweek reliability
coefficient averaged an extremely poor
0.09, which was significantly worse
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than even the disappointingly low
within-session correlation.
Since the four therapists examined
the same subjects it was also possible
to replicate the estimate of interther-
apist reliability obtained by Wong
(1981). Over both days and across all
joints the mean pairwise intertherapist
correlation was 0.25, confirming the
low estimate obtained by Wong.
In general, therefore, the two studies
indicated that PAIVM assessment of
compliance parameters has poor reli-
ability. However these estimates should
be interpreted in the light of two meth-
odological issues which weaken the
generalizability of the estimates. The
first issue is that in both studies the
sample comprised trainee therapists in
the second half of the postgraduate
diploma specializing in manual ther-
apy. It is possible to argue that such
a sample may not have been repre-
sentative of the ability which a sample
of fully trained and more experienced
practitioners would demonstrate.
The second issue of generalizability
refers to the sample of subjects used
by the two studies, which in both cases
had no recent history of spinal pain,
unlike the subjects typically seen in
clinical practice. The quantification of
reliability is affected to a degree by the
range of individual differences among
the joints examined. The mathematical
theory of reliability clearly indicates
that restricting the range of variation
will tend to reduce the reliability coef-
ficient (see Appendix). The reliability
coefficient is the ratio of the true-score
variance to total (true-score plus error)
variance. The size of the error variance
may be assumed to remain constant
over the sample as a whole when the
same method of measurement is em-
ployed. However, if the true-score var-
iance is reduced because true individual
differences between the measured ent-
ities has been reduced, then the random
error component will be a larger pro-
portion of the total variation and the
overall correlation coefficient will be
reduced. In other words, if the range
of variation in compliance parameters
which results from individual differ-
ences in a non-clinical sample is sub-
stantially different from the range ob-
tained in clinical samples, the reliability
estimates obtained will tend to be
biased. The issue being an empirical
one, the logjcal approach is to examine
a clinical sample. Flint (1983), whose
results have been reported in part
above, chose that approach.
The study carried out by Flint in
contrast to those of Weeks and Wong,
employed a clinical sample; gave ther-
apists an 'ecologically valid' assessment
task, since they were required to do a
full pain and passive movement dia-
gram on a clinical subject; and used
four fully qualified therapists with post-
qualification experience ranging from
nine months to three years. The in-
tertherapist reliability coefficient for
locating RI in ROM was found to be
0.38 on the average, which is not sig-
nificantly higher, in either the statisti-
calor the practical sense, than that of
0.30 reported by Wong.
The reliability of differentiating spinal
levels on the basis of compliance per-
ception following PAIVM's
In clinical assessment PAIVM tests
may be used in the attempt to locate
compliance parameters on a perceptual
ratio scale so that they may be used to
guide diagnosis, assess progress and as-
sist in the selection of grades of ther-
apeutic movement typical of the ap-
proach described by Maitland (1977).
This purpose guided the orientation of
the studies reported in the previous
subsection. An alternative purpose for
PAIVM tests is to assess the presence
of compliance abnormalities by pal-
pation, on a comparative basis, across
several spinal levels. Relevant para-
meters include 'end feel', soft tissue
resistance and postero-anterior ampli-
tude of joint movement (Maitland
1977).
Millman (1981) examined test-retest
and intertherapist reliability for blind
discrimination of the stiffest spinal
level. Therapists were blindfolded and
required to select, only by performing
PAIVM with pisiform, which of the
six unidentified levels presented in ran-
dom sequence was stiffest. The levels
included were L4 to TIl.
Therapists were permitted to repal-
pate any levels they were uncertain
about until they came to a firm deci-
sion. Each of three therapists examined
the same thirteen nonclinical subjects
on two occasions within one session of
testing. The results indicated that pre-
conceptions about anatomical varia-
tion in stiffness were adequately con-
trolled by this procedure because
therapists' ability to identify which an-
atomical levels they were on was not
significantly better than that attainable
by chance. Furthermore, therapists
were unable to guess at better than
chance rates when they were perform-
ing a retest.
Under these conditions, which im-
posed a strict dependence on palpatory
information, the mean test-retest
agreement rate was 31 010. Statistically,
this was significantly better than the
agreement rate of 16.7070 predicted by
a model which assumed that therapists
were randomly selecting one level
among six. The analysis also showed
that 31 070 was significantly worse than
the agreement rate of 50010 predicted
by a model which assumed that ther-
apists were able to reject four levels
with certainty, but were guessing which
of the remaining two levels was stiffest.
The best model was that which as-
sumed therapists were able to reject
three of the levels but guessed among
the remaining three. These models are,
of course, imaginary. They should not
be taken to imply that therapists decide
literally following the processes as-
sumed by these models. The models do
however provide a valuable frame of
reference for interpretation.
The analysis of intertherapist agree-
ment showed that the average pairwise
agreement was 25.7010. This was sig-
nificantly better than the 16.7010 pre-
dicted by a model assuming complete
guessing. It was also significantly worse
than the 33010 predicted by a model
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which assumed that therapists were able
to reject three levels with certainty, but
had to guess among the remaining three
spinal levels.
Millman's results therefore sug-
gested that by palpation alone thera-
pists can discriminate better than
chance those differences in stiffness de-
rived from anatomical variation. Un-
fortunately, the degree of agreement,
though better than chance, was never-
theless low from the point of view of
practical diagnostics. For example, it
seems likely that a therapist would be
able to narrow the range of clinically
relevant levels down to three, or per-
haps even two, by using the case his-
tory, the other test data and epide-
miological knowledge.
However, the generalization of Mill-
man's data faces some problems. First,
the source of variation between spinal
levels was that due to natural anatom...
ical differences in non-symptomatic
spines. In clinical decision making the
stated objective is to identify the pres-
ence of an abnormality. The frame of
reference for the therapbt presumably
is some cumulated memory model of
what is normal (Maitland 1977).
Whether the difference between the im-
mediate perceptual trace from an ab-
normal joint and the cognitive template
of normality is an easier discrimination
to perform than the discrimination be-
tween recently experienced perceptions
of stiffness which differ according to
anatomical variation between spinal
levels, seems to be a moot point in the
light of the complexity of the issue and
the lack of evidence.
A second problem stems from the
choice of 'stiffest level' (Millman 1981)
as the object of discrimination. In clin-
ical theory the finding of abnormality
may involve a broader base of com-
pliance features. These include 'end
feel' and soft tissue resistance as well
as postero-anterior ROM (Maitland
1977).
A third problem arises from the
nature of the therapist sample. The
three therapists all had a minimum of
four years clinical experience. How-
ever, although they had satisfactorily
completed more than half of the post-
graduate diploma specializing in man-
ual therapy, including the spinal as-
sessment and treatment portion of the
course, it may be that the lack of full
qualification and post-specialization
experience was a factor in their per-
formance.
Allen (1983) conducted a study which
attempted to resolve some of the issues
raised by Millman's study. Five lumbar
levels from each of twelve patients re-
cruited from several clinics were ex-
amined. All patients had a history of
back pain. Seven patients had symp-
toms which had persisted over six
months. Three physiotherapists with
specialist prostgraduate qualifications
in manual therapy and a minimum of
eighteen months of post-specialization
experience performed the assessments.
Millman's procedure was replicated,
but therapists were asked to select
which level had the greatest soft tissue
resistance, which had the most abnor-
mal 'end-feel', and which had the
smallest postero-anterior amplitude of
movement. In addition, therapists were
required to indicate which of the five
levels should be selected for treatment
and which of the three indicators of
abnormality mentioned above had most
influenced their selection.
Allen's data revealed a very high de-
gree of coherence between the specific
indicators of abnormality. On over
970/0 of occasions two or three of these
indicators identified the same level as
that selected to be 'most abnormal'.
Therefore reliability estimates were
prepared only for the decision of which
level should be selected for treatment.
The test-retest agreement rate averaged
47.2070, somewhat higher than Mill-
man's 310/0. However, our analysis of
the results obtained by these studies
did not indicate the improvement to be
statistically significant. The inter-ther-
apist agreement rate averaged 26.40/0
on a pairwise basis in Allen's study.
This is very similar to Millman's result
and not significantly better than the
200/0 agreement rate which would be
expected from a random guess model.
The high coherence between specific
indicators seems to imply either that
abnormal compliance tends to manifest
simultaneously through the several
parameters, or that therapists tend to
be biased towards 'false alarms' of ab-
normality having found a single ab-
normal sign from the level in question.
The low degree of reliability suggests
that the latter explanation should be
preferred. Furthermore, since the test-
retest reliability indicates that some de-
gree of consistent information was
transmitted even though intertherapist
agreement was very low, it seems
reasonable to hypothesize that thera-
pists make global judgements of ab-
normality, on perceptual dimensions
which are probably not consistent and
which may be difficult to verbalize.
The reliability of compliance ratings
following PPIVM tests
Passive movement of a 'physiologi-
cal' type provides another testing ap-
proach which may be used for diag-
nosis or progress evaluation (Maitland
1977, Cyriax 1982).
Kaltenborn and Lindahl (1969) ex-
amined the intertherapist reliability of
ten therapists during assessment of in-
tervertebral joint mobility. A four-
point rating scale consisting of no
movement, hypomobility, normal
movement and hypermobility was used.
Kaltenborn's ratings were used as a
criterion for agreement. Each of the
therapists independently gave 13 as-
sessments. Their conclusion of 're-
markably good' agreement was not ac-
companied by a formal analysis.
However, the following results were
reported: complete agreement from
three therapists; 2 disagreements from
two therapists; 3 disagreements from
one therapist; and 4 or 5 disagreements
from the remaining three therapists.
This represents an average agreement
rate of about 84070.
Gonnella et 01 (1982) examined the
intertherapist and retest reliability of
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five therapists employing PPIVM tests
on lumbar segments. On each of two
days, which were separated by a 13 day
interval, each therapist independently
evaluated the six segments of five
young, nonsymptomatic subjects. Two
evaluations, one under 'normal' and
one under blindfold conditions were
performed within each session. For-
ward bending, side bending (left and
right) and rotation (left and right) were
performed. A seven point rating scale
was used, with 'ankylosed' and 'unst-
able' as the end values. In addition
'plus' and 'minus' qualifiers were per-
mitted, which produced a potential
13-point scale. In practice the scale val-
ues employed by the observers were
limited to the range 1-4, producing an
effective seven-point scale biased to-
wards hypomobility. In fact, the dis-
tribution was probably even more re-
stricted because the extreme scale values
(1.0 and 4.0) seem to have occurred
very infrequently (eg 2070 for forward
bending, the only test for which suf-
ficient data was available to extract a
result). Gonnella et af concluded that
'results on intertherapist reliability were
disappointing' (p.442). Although this
conclusion is not immediately apparent
from their analysis of the data, our re-
analysis of the evidence Gonnella et af
presented (p.440) confirmed their con-
clusion. For example, with the forward
bending manoeuvre we calculate that
intertherapist agreement reached 78070
when agreement is defined (Gonnella
et af 1982) as ratings differing by less
than one full scale unit. However, the
agreement rate expected from the
chance agreement model is 71 070. The
high degree of chance agreement is the
combined effect of a restricted distri-
bution of mobility together with a defi-
nition of agreement which accepts a
variation of half a scale value (see Ap-
pendix).
Thus the PPIVM research literature
presented until 1982 a somewhat equiv-
ocal overview. One study claimed good
results for intertherapist reliability
(Kaltenborn and Lindahl 1969), while
another found poor results (Gonnella
et a/1982). A further problem was that
of non-generalizability of findings,
either because the evaluation samples
included few subjects (Kaltenborn and
Lindahl 1969) or nonsymptomatic sub-
jects (Gonnella et af 1982).
Therefore, Clarkson (1982) investi-
gated the intertherapist reliability of
four experienced physiotherapists spec-
ialized in manual therapy. The test
sample comprised ten subjects aged 20-
55, all of whom had a history of low
back pain. One subject had a radi-
ographically confirmed sacralization of
L5. Others included a retired dancer,
a footballer and a champion runner.
That is, there was an effort to obtain
a wide cross-section of test joints. Each
therapist independently assessed each
vertebral segment from S1 to T12 using
the PPIVM technique for forward flex-
ion described by Maitland (1977).
Therapists used a five-point scale with
the end values being 'ankylosed' and
'hypermobile'. On the average, the
pairwise intertherapist agreement rate
was 45070. Statistically this was signifi-
cantly better than the 37070 expected to
occur from chance agreement. How-
ever, from a clinical point of view it
does not seem a very encouraging re-
sult. When the 'stiff' and 'very stiff'
ratings were amalgamated to produce
a four-point scale like that of Kalten-
born and Lindahl (1969) the agreement
rate became 57070. This seems substan-
tially lower than the 82070 obtained by
Kaltenborn and Lindahl. The results
are also poorer than the 78070 agree-
ment rate obtained by Gonnella et af
(1982), although the comparison is
complicated by differences in the rating
scales used.
Further evidence about the reliability
of PPIVM is available outside the re-
search literature of physiotherapy. Ro-
tational manoeuvres similar to the
techniques employed by physiothera-
pists are encountered in osteopathy
(Johnston 1982). Recently, Johnston et
af (l982a) reported on the interther-
apist reliability obtained by one osteo-
pathic physician and two student phy-
sicians. The tests employed were
cervical rotation, cervical sidebending
and several trunk motions. The exper-
imental sample comprised 161 volun-
teers which included 84 students and
71 patients. However the report does
not clarify the particular characteristics
of the subsamples used to assess the
reliability of the different motions.
Therapists were required to indicate if
resistance to passive motion was sym-
metrical or asymmetrical for left and
right manoeuvres. For cervical rotation
the three therapists agreed on 42070 of
the 43 subjects tested this way. For
cervical sidebending they agreed on
33070 of 36 subjects. Although these
agreement rates appear rather low they
were significantly higher than those ex-
pected to occur by chance (19070 and
14070, respectively). Furthermore, these
are three-way agreements rather than
pairwise agreement rates as in the other
studies reviewed by this section. Un-
fortunately the report by Johnston et
af 1982a makes extraction of mean
pairwise agreement difficult, thereby
precluding direct comparisons. In ad-
dition the ratings required were some-
what different. Nevertheless, in terms
of clinical significance, the results seem
rather disappointing, a conclusion
shared by Johnston et af (1982a).
In a subsequent study on cervical
rotation, Johnston et af (1982b) eval-
uated intertherapist reliability when
only subjects with strong indications
of asymmetry were included in the
sample. Preselection of subjects was
based on agreed examination findings
by two faculty osteopaths. Three stu-
dent therapists then independently ex-
amined the subjects. The pairwise
agreements for each student with the
faculty examiners were 71070, 62070 and
57070. While the agreement rate from
the first student was significantly higher
than expected to occur by chance, this
was not the case for the other two sets
of ratings. Given the preselected sam-
ple of subjects and the restriction of
ratings to symmetry or left and right
asymmetry, the 63070 average agree-
ment rate is disappointing in terms of
clinical significance, particularly since
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cervical rotation seemed the most
promising test in the prior study (John-
ston et al 1982a).
It may be tempting to dismiss John-
ston's low reliability as resulting from
therapist inexperience, but Kaltenborn
and Lindahl's (1969) 84070 agreement
rate was based on a group which in-
cluded a variety of experience. In any
case, poor results were also found in
studies with experienced therapists
(Clarkson 1982, Gonnella et al 1982).
Interpretation of the studies exam-
ining PPIVM test reliability is compli-
cated further by the variety of rating
scales, subjects and spinal levels used.
Furthermore, agreement rates are dif-
ficult to compare directly because they
are influenced by distributional propJ
erties including response base rates,
which may vary across studies.
To facilitate comparisons of agree-
ment rates we therefore expressed the
results of the above studies in terms of
Cohen's kappa (see Appendix). Since
kappa expresses the proportion of ob-
tained agreements relatIve to that ex-
pect to occur by chance, it facilitates
comparisons across studies which em-
ploy different rating scales, test joints,
or other methodological features which
might alter the statistical properties of
the therapists' responses. A second ad-
vantage is that it is a correlation-like
index, which varies between zero and
one (unless observed agreements are
less than expected by chance). Using
data presented in the published reports,
we found kappas of 0.64 for Kalten-
born and Lindahl (1969), 0.37 for
Johnston et al (1982b), 0.24 for Gon-
nella et a/ (1982) and 0.15 for Clarkson
(1982). In general therefore the studies
of PPIVM tests do not seem to yield
a very good degree of intertherapist
reliability, particularly within the
framework of clinical requirements. In
view of the variety of therapist back-
grounds, subjects used (including
symptomatic and nonsymptomatic) and
other variables, this conclusion prob-
ably has good generalizability and con-
curs with the more recent of previous
interpretations (Gonnella et al 1982;
Johnston et al 1982).
Reliability of spinal mobility assess..
ment using combined PAIVM and
PPIVM tests
In addition to the investigations cited
in the previous three subsections which
have involved either PPIVM or
PAIVM assessment, a number of stud-
ies reported in the literature have used
combined assessment techniques to rate
spinal mobility. Because of the com-
bined nature of the assessment task
utilized in these studies, it is not pos-
sible to separate the individual relia-
bility of anyone of the tests involved.
However the studies outlined below
provide some insights into therapist
performance.
Jull (1978) reported a study which
examined the intertherapist reliability
of rating the mobility of the upper
three cervical joints following PAIVM
and PPIVM tests. Each therapist per-
formed 81 tests ranking each joint on
a five point scale with the extremes of
'hypermobile' and 'no movement'. A
total agreement rate of 88070 was
claimed, which is highly encouraging.
However, a number of methodological
issues suggest that this agreement rate
should be interpreted with caution.
Given the relative infrequency of 'hy-
permobility' and 'no movement' rat-
ings likely to occur in the population,
the effective range of variability may
have been somewhat reduced. Unfor-
tunately, no data on the relative fre-
quency of findings in each category
were reported. Furthermore, several
decisions came from a given spinal seg-
ment. This could have introduced fur-
ther restrictions in the (a prion) sub-
jective range of potential variation.
Finally the generalizability of the data
is limited by the fact that the smallest
sample viable for an intertherapist re-
liability study was used: two therapists.
In a later report, Jull (1982) provided
further evidence of intertherapist reli-
ability for combined PPIVM and
PAIVM tests of lumbar segments. Two
therapists examined one subject on
three successive occasions. The inter-
session interval was one day. The in-
tertherapist reliability coefficient was
0.35, which has been interpreted to
mean that 'examiners correlated highly'
(Jull 1982, p.75). Although the result
was significantly different from no cor-
relation, in the statistical confidence
sense, a reliability coefficient of 0.35
is not high. In fact, the majority of
the variance in the observed scores is
attributable to error when the coeffi-
cient is so low. A similar argument
applies to the intersession reliability
coefficient reported to be only 0.10.
In a further study, Jull and Lane
(1983) published findings related to as-
sessment of lumbar spinal mobility. A
subsample of 20 normal subjects from
a population of 100 males and 100
females with no history of back pain
were examined. Postero-anterior ac-
cessory glide and all passive physiolog-
ical movements were assessed in six
intersegmental levels from T12/Ll to
L5IS 1. Each level was classified on a
five point rating scale from 'hyper-
mobile' to 'very stiff'. The retest agree-
ment rate for the single participating
therapist was 87.3070. Intertherapist
agreement on a subsample of five sub-
jects was reported to be 82.2070 between
the therapist and an independent ob-
server. Once again, these high agree-
ment rates should be interpreted with
caution because limited sample varia-
bility will increase the agreement at-
tainable by chance. On the basis of the
averaged data published by Jull and
Lane (1983) for their full population,
we estimate that an agreement rate of
38070 could have been typically ex-
pected to occur by chance. If the test
subsample had consisted of only the
younger subjects the chance agreement
estimate would have been 61070. Using
the chance agreement rate for the whole
population we computed a Cohen's
kappa for the retest agreements of 0.79
and for the intertherapist agreements
of 0.71. Using the 61070 estimate, kappa
values would have been 0.67 and 0.54
respectively.
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Grant (1980) examined lumbar spinal
mobility in groups of dancers and non-
dancer controls using a number of
techniques including passive movement
tests. Within the study, two observers
performed twenty tests on five subjects
rating lumbar levels on a four point
scale from 'hypermobile' to 'very stiff'
and an interobserver agreement rate of
90070 was obtained. The actual fre-
quency distribution of test findings was
not included in the report nor was it
indicated from which of the experi-
mental groups the subjects were drawn.
Therefore we did not proceed to esti-
mate kappa, the more appropriate
coefficient.
It should be pointed out that it was
not the primary intention of lull (1978,
1982), lull and Lane (1983) or Grant
(1980) to measure reliability of assess..
ment per se, but only to determine the
reliability of the therapists who per-
formed assessments for the various
studies. Consequently, the generaliza-
bility of these results is in all cases
limited by the fact that absolute min-
imum numbers of therapists were in-
volved in both retest and intertherapist
trials. Furthermore it is not clear
whether the judgements resulting from
the several segments sampled from a
given subject were statistically inde-
pendent. Lack of independence could
have artificially raised the estimate of
reliability.
lull and Bogduk (1985) examined the
reliability of diagnosis of zygapophy-
seal joint disorders in a group of twenty
patients attending a pain clinic because
of cervical pain. A trained therapist
stipulated the abnormal cervical level
after a full subjective and objective
examination, including passive phys-
iological and accessory movements. To
provide an objective criterion, medial
branch blocks (Bogduk 1985) were used
to selectively anaesthetize nerves sup-
plying cervical joints. Perfect agree-
ment between the diagnosis of the ther-
apist and the medial branch block was
obtained. A subsample of four subjects
was independently examined by an-
other manipulative therapist, with per-
fect agreement on the abnormal joint.
The results of lull and Bogduk (1985)
might suggest that palpatory tests can
perfectly diagnose the level to be
treated. It should be noted however
that the patient sample had severe pain,
which was often irritable (lull and Bog-
duk 1985, p.163) and that the manual
assessment not only included pain re-
production, but also was conducted in
the context of other information pro-
duced by a full objective and subjective
examination. Although the authors
claim that the pathological joints had
such abnormal compliance features as
'limited range of motion', 'abnormal
quality of resistance' and 'abnormal
limitation to the movement' (lull and
Bogduk 1985, p.164), they also report
that 'reproduction of pain was invar-
iably associated with these abnormal
qualities of movement' (p.I64). On the
basis of our experience with assessment
of compliance features (low reliability)
and pain (high reliability) an alternative
hypothesis is indicated: that provoca-
tion and reproduction of pain was the
key factor in reliable identification of
the injured level. This interpretation
seems preferable because it is more par-
simonious, being consistent with both
our group's results and those of lull
and Bogduk (1985).
IV Reliability in the
Production of
Therapeutic Passive
Movement
The reliability with which therapeu-
tic movement is produced has received
no systematic investigation according
to our reviews of the journal literature.
The degree of intratherapist or interth-
erapist variation in production of pas-
sive movement is presumably an im-
portant factor, at least theoretically,
since some descriptions of mobilization
techniques do identify various grades
and do recommend selective use ac-
cording to various conditions, eg Mait-
land (1977). Until systematic empirical
studies are conducted to assess the dif-
ferences in therapeutic outcome due to
different grades of mobilization, the
actual importance of using selected
grades of mobilization, or of the reli-
ability with which they are produced,
must remain a problem which is jus-
tified only theoretically or through clin-
ical anecdote. Nevertheless, given the
broad influence on clinical and edu-
cational practice which description of
grades of mobilization have attained,
the issue seems to require far greater
attention than it has received to date.
However, the primary purpose for
reporting here two pioneering studies
(Banting 1982, Mitchell 1983) con-
ducted in our laboratories on this issue
is that the reliability with which se-
lected grades of movement are pro-
duced is indirectly related to the reli-
ability with which compliance is
assessed. That grades of mobilization
are related to assessment of compliance
is clear from descriptions of clinical
procedures (Maitland 1977). The link
was even more explicit in the defi-
nitions used by Banting (1982) and
Mitchell (1983) when instructing the
therapists in their studies. Grade II mo-
bilizations were defined as 'large am-
plitude movements to the point where
Rl is just perceived, at a rate of two
to three oscillation per second' (Bant-
ing 1982, MitchellI983)~ Grade IV mo-
bilizations were defined as 'a small am-
plitude movement just up to and
touching the end of available joint
range' (Mitchell 1983). Again two to
three oscillations per second was the
recommended oscillation frequency.
To investigate reliability, both stud-
ies adopted the strategy of presenting
several spinal levels from several in-
dividuals thus ensuring a variety of
ranges and joint mobilities. The re-
producibility of peak force of mobili-
zation can then be examined within the
frame of reference provided by the var-
iations due to anatomical and individ-
ual differences. When the same levels,
from the same subjects are examined,
the intertherapist and retest correla-
tions for peak force are then akin to
the reliability coefficients for locating
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R1 and R2 in range presented by other
studies (Baker 1981 , Wong 1981 , Weeks
1982, Flint 1983), particularly given the
explicit definitions used by Banting and
Mitchell.
In both studie~ the force platform
technique already described was used
to assess the forces of mobilization
while therapists performed central
PAIVM. The output of the force plat-
form was monitored by computer. This
permitted calculation of peak force of
mobilization for each oscillation, as
well as of oscillation amplitude and
frequency by means of the dynamic
force measurement technique described
earlier. The data on the latter two para-
meters is important to the wider issue
of reproducibility of technique but is
less directly relevant to the present
theme. It is considered in detail else-
where (Banting et af 1985).
Banting (1982) examined interther-
apist reliability in seven physiothera-
pists with specialist postgraduate qual-
ifications in manual therapy. The least
experienced therapist had more than
nine months of clin~cal practice since
completion of the specialist qualifica-
tion. The sample comprised graduates
from schools in three different Austra-
lian States. Each therapist mobilized
four premarked spinal levels (TIl, T9,
T7, T5) from each of four subjects
using central PAIVM delivered with
the pisiform technique. Each level was
mobilised for 20 seconds. Among other
parameters, the peak forces during a
cycle were calculated and averaged for
all the cycles of a trial. Scores from
the 16 levels mobilized by each thera-
pist were then used to compute pair-
wise intertherapist correlations. The
mean intertherapist correlation was a
very poor 0.22. In addition systematic
biases were found between the seven
therapists when the peak forces were
averaged across the 16 spinal levels
(Banting 1982). Two therapists showed
a 'light touch' (7.6N and 9.8N), three
were two to three times more forceful
(14.5N, 16.3N, 20.6N) and two showed
nine or more times that force (50.2N,
87.1N). An analysis of variance con-
firmed these differences to be statisti-
cally significant (Banting 1982).
Mitchell (1983) replicated and ex-
tended Banting's study. Subjects were
eight experienced physiotherapists with
specialist postgraduate qualifications in
manual therapy. Each mobilized twenty
spinal levels comprising T9, TIl, L1,
L3 and L5 from one female and three
male volunteers with no history of back
pain. The same twenty segments were
mobilized again one week later. Thus
the design assessed both intertherapist
and test-retest reliabilities for Grade II
and Grade IV movements. In order to
maintain comparability all joints were
pre-mobilized by the experimenter.
Thus all therapists, including the
starter, were dealing with previously
mobilized spines.
Among other parameters, Mitchell
(1983) calculated the peak force for
each oscillation. Following the earlier
study (Banting 1982), trial averages
were computed, from which inter-
therapist and retest correlations were
obtained. Mitchell confirmed that in-
tertherapist reliability for Grade II
movements was low (r = 0.25) and
showed that this was also the case for
Grade IV (r = 0.16). In addition he
found poor test-retest reliability for
both Grade II (r = 0.22) and Grade
IV (r = 0.42).
Systematic biases were also evident
in the data. The peak forces for Grade
II when averaged over the twenty seg-
ments showed an intertherapist range
from 2.2N to 46.7N on Day 1. Even
the trimmed range, excluding the ex-
treme therapists, was 13.0N to 30.2N.
On Day 2 the range was 3.9N to 26.4N.
Analysis of variance confirmed that
there were significant differences be-
tween therapists and between days
(Mitchell 1983). Similarly, for Grade
IV, the intertherapist range was 150.9N
to 329.3N on Day 1 and 89.2N to
222.4N on Day 2. Again analyses of
variance confirmed that there were sta-
tistically significant differences be-
tween therapists and between days
(Mitchell 1983).
The studies of Banting and Mitchell
relate to those for :21 assessment in the
case of Grade II movement peak forces
and to those of R2 in the case of Grade
IV peak forces. The findings show very
good consistency. Thus for inter-
therapist reliability in locating Rl the
comparison figures are 0.30 (Wong
1981), 0.25 (Weeks 1982) and 0.38
(Flint 1983). These confirm the Grade
II results (r = 0.22, r = 0.25). The
comparison figures for intertherapist
reliability in locating R2 are 0.28 (Baker
1981) and 0.24 (Flint 1983), which seem
to support Mitchell's Grade IV result
(r = 0.16). The poor test-retest cor-
relation obtained by Mitchell for Grade
II (r = 0.22), is if anything, better
than the low value obtained by Weeks
over the same interval (r = 0.09).
Therefore the results obtained by
Mitchell and Banting reinforce the con-
clusion of poor reliability for estima-
tion of spinal compliance during
PAIVM.
V Discussion
An overview of the studies presented
above suggests several patterns in the
findings (cf also Table 1). In general,
pain tests were more reliable than tests
assessing features of compliance. This
effect was obtained even when very
similar testing techniques were used
such as when PAIVM was used for
both PI and Rl assessment. A second
feature of the results is the excellent
reliability obtained with the SLR and
FF tests for pain. The correlation coef-
ficients (0.96-0.98) were superior to
those obtained by PI assessment with
PAIVM (0.73). These differences are
statistically significant. A third aspect
is the consistent finding of superior
test-retest reliability over intertherapist
reliability. This is a common result in
most fields of measurement. Before the
clinical implications of these findings
are considered it is appropriate to dis-
cuss some factors which may account
for the obtained results.
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Table 1:
Summary of reliability coefficients
Measure Test Retest Inter- CI Source
move- r(K) observer (95%)
ment r(K)
ROM PAIVM .88 Collis-Brown
PAIVM .86 Grisold
PAIVM .78 McNeill
R1 PAIVM .30 Wong
PAIVM .25 Weeks
PAIVM .38 Flint
PAIVM .46 17% Weeks
PAIVM .09
PAIVM .22 Banting
PAIVM .22 .25 Mitchell
R2 PAIVM .28 Baker
PAIVM .42 .16 Mitchell
P1 PAIVM .73 34% Collis-Brown
PAIVM .83 Collis-Brown
PAIVM .62 McNeill
PAIVM .75 McNeill
SLR .96 13.60 0 McFarlane
SLR .98 Puentedura
SLR .97 Million et al
SLR .96-.97 .93-.96 Lankhorst et al
SLR .78 Hoehler
SLR .95 Hoehler
FF .98 83mm Kwong
FF .99 Munroe
FF .91 Million et aJ
FF .95 .97 Lankhorst et aJ
FF .50 Hoehler
Comments
after correction for error in patient re-
port.
after correction for error in patient re-
port.
int rasession
intersession
peak applied force during Grade II
peak applied force during Grade II
peak applied force during Grade IV
therapist location on VAS
measured force at patient report of P1
therapist location on VAS
measured force at patient report of P2
intersession
passive test
active test
skin distraction
intersession,skin distraction
skin distraction
Factors which may account for the su-
perior reliability of pain assessment
Although pain tests showed better
reliability than tests of compliance fea-
tures, there are procedural differences
between the pain tests investigated.
Therefore the comparison between
PAIVM assessment of pain and com-
pliance features is probably the most
appropriate for discussion.
In order to locate PI by PAIVM a
physical stimulus is applied. The pa-
tient must sense and report pain onset,
and the therapist must then relate that
event to a point in ROM. In order to
locate RIa similar physical stimulus is
applied, the therapist must sense the
occurrence of the 'onset of resistance',
then relate that event to a point in
ROM. For both tests some of the total
error will be due to stimulus applica-
tion and some to the ability to locate
a point in ROM. Thus the essential
difference between the two judgemen-
tal processes is that tests of pain involve
only one judgement, that of ROM,
while tests of compliance require the
judgement of both the compliance fea-
ture and ROM. It may appear there-
fore that the issue is simply a question
of which of these contrasting percep-
tual processes contains more error.
However, the quantitative theory of
reliability shows clearly that reliability
is a function of both error and true
score variation (see Appendix). The
same amount of error (in metric terms)
means poorer reliability if the true score
variation is small rather than large.
It is important to note that the low
correlations obtained for Rl and R2
are at least in part due to the restricted
range of true score variability. R1 tends
to be restricted to the lower third of
range while R2 tends to be restricted
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Table 1:
Summary of reliability coefficients
Measure Test Retest Inter- CI Source Comments
move- r(K) observer (95%)
ment r(K)
P2 SLR .96 Puentedura
FF .98 33mm Bruce
FF .97 52mm Patterson intersession
FF .98 45mm Patterson intrasession
Compliance PPIVM (.64) Kaltenborn
PPIVM (.37) Johnston (1982b)
PPIVM (.24) Gonnella et al
PPIVM (.15) Clarkson
Mixed .35 .10 Jull (1982) combined PPIVM and PAIVM
Mixed (.67- (.54- Jull and combined PPIVM and PAIVM
.79) .71) Lane
Level PAIVM (.16) (.11) Millman stiffest level
Selection PAIVM (.34) (.08) Allen level to be treated
(1.00) Jull and pathological level
Bogduk full objective and subjective
examination
to the upper third. We re-examined the
data of Wong (1981), Weeks (1982)
and Flint (1983) to confirm this tend-
ency. The standard deviation of R1 in
ROM occupied respectively 8070, 8.3070
and 7.9070 of scale in the three studies,
confirming the restricted variability of
R1 in both normal and clinical popu-
lations and indicating very good con-
sistency between the three independent
studies. In contrast, the standard de-
viation of PI was 23.2070 of ROM in
the Collis-Brown (1982) study. We have
applied equation A.21 (see Appendix)
to compute what the obtained corre-
lations would have been had the true
score variability been the same as that
observed by Collis-Brown for PI. The
intrasession test-retest correlation of
Weeks (0.46) becomes 0.83; the inters-
ession correlation (0.09) becomes 0.25
and the intertherapist correlation ob-
tained by Flint (0.38) becomes 0.76. It
seems possible therefore to account for
the poorer reliability of compliance
feature assessment without suggesting
that therapists perceive R1 or R2 more
poorly than patients perceive PI or P2.
It seems rather that therapists face a
more difficult discrimination problem
when attempting to locate Rl.
Factors which may account for the in-
ferior reliability of passive interverte-
bral movement tests of pain
Passive intervertebral tests, whether
'accessory' or 'physiological', invaria-
bly yielded poorer reliability coeffi-
cients than those of the gross move-
ment tests such as SLR and FF. To
avoid the confounding contribution of
pain versus compliance assessment, an
appropriate comparison available for
discussion is between FF or SLR tests
of pain versus PAIVM assessment of
pain.
In FF or SLR tests a gross 'phys-
iological' movement provides the stim-
ulus for pain elicitation, the patient
must then perceive and report pain on-
set (or similar parameters) and ROM
can be recorded via goniometry or
measures of relatively large linear dis-
placements. In PAIVM tests a more
localized movement is the stimulus for
pain elicitation, the patient must per-
ceive and report pain onset (or similar
parameters), then the therapist must
through subjective evaluation of ROM,
record where the pain occurred.
The issues for discussion therefore
seem to be: the reliability of subjective
ROM assessment by the therapist ver-
sus goniometric or similar methods for
ROM assessment; and the reliability of
pain elicitation by gross physiological
movement versus localized PAIVM.
As might be expected, goniometric
assessment is typically reported to show
high reliability (Leighton 1955, Myers
1961, Boone et a/1978, Ekstrand et at
1982). However, the reliability of as-
sessing ROM by palpation does not
seem to have been previously investi-
gated. Initial evidence that therapists
do not introduce a very large amount
of error at the stage of locating the PI
report in ROM was obtained by Collis-
Brown (1982). His test-retest correla-
tion when based upon force platform
data, which does not involve therapist
judgement of ROM, was 0.83. When
based upon therapist determined data
it was 0.73. Thus adding subjective
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ROM assessment to the total process
did not reduce reliability substantially.
The degree of error due to patient re-
port and force measurement technique
is represented in the force test-retest
correlation (0.83). It is possible to cal-
culate what the test-retest reliability
would have been if no error had arisen
from these processes (see Appendix).
This indirect estimate of test-retest re-
liability for locating a point in ROM
was 0.88.
Additional evidence for high intra-
therapist reliability of ROM assesment
was obtained by Grisold (1983). Ther-
apists were asked to palpate end of
range of a single lumbar level using the
pisiform technique. They were then
asked to palpate one, two, three, four,
five, six and seven eighths of range in
a random order prescribed by the ex-
perimenter. This procedure was re--
peated eight times, varying the order
of presentation of point in range each
time.
The static force platform techRique
(see Section 1) was used to measure
applied force for each of the 64 trials.
Average test-retest correlations were
0.86, almost identical tn the 0.88 com-
puted from the data of Collis-Brown
after correction for variation in patient
report.
Nevertheless, although the ability of
therapists to locate a point in ROM
seems relatively high, particularly in
consideration of the difficulty of the
task, it is lower than that of goniom-
etric and related techniques (0.96-0.98),
thus accounting in part for the lower
reliability of PI assessment through
PAIVM. That the assessment of ROM
cannot be the full explanation for the
superior reliability of the SLR and FF
tests is clear from Collis-Brown's (0.83)
retest correlations for applied force at
PI. This coefficient is analogous to
those derived from goniometric meas-
urement during SLR test, or length
measurement during FF tests. Our sta-
tistical analysis revealed that 0.83 was
significantly lower than either 0.98 or
0.96. Thus some of the superiority in
reliability exhibited by SLR and FF
tests appears attributable to the second
factor, ie the way pain is elicited.
Manual application of accessory
movement seems to be more suscepti-
ble to random error than the applica-
tion of physiological movement. Our
evidence suggests that production of
PAIVM is likely to contain significant
error in comparison to the limited dis-
tribution of Rl and R2 over the ROM
(Baker 1981, Wong 1981, Weeks 1982,
Flint 1983). Biomechanical studies con-
firm the difficulty facing the therapists.
Punjabe et af (1977) have measured
4mm displacement between lumbar
vertebral bodies when forces of about
160N were applied in the anterior di-
rection to the cephalad vertebra in vi-
tro. Collis-Brown (1982) and McNeill
(1982) measured maximum forces ap-
plied during PAIVM tests of about
350N. It is reasonable to assume that
this load is equally distributed between
the intervertebral joints on either side
of the assessed level. This implies that
similar loads (350/2 = 175N) were ap-
plied by the therapist to lumbar in-
tervertebral joints during PAIVM as
were applied in the in vitro studies of
Punjabe et af (1977). Similar interv-
ertebral displacement would therefore
be expected in the two cases. The in
vitro observations of Punjabe et af have
been tentatively confirmed in vivo by
Thompson (1983) who developed an
apparatus for measuring applied load
and relative intervertebral displacement
simultaneously. The apparatus con-
sisted of a proof-ring strain gauge
through which force was applied cen-
trally to a lumbar vertebra (L3). Two
parallel linear-displacement trans-
ducers attached to the strain-gauge and
adjusted to contact the spinous proc-
esses of vertebrae immediately above
and below the loaded processes were
used to measure relative displacement
between L2 and L3 and between L3
and L4. Results for three subjects in-
dicated that the caudad joint exhibited
more displacement (3-5mm) than the
cephalad joint (1-3mm) with applied
loads of 250N. Again, if the assump-
tion is made that this load is distributed
equally between the intervertebral joints
above and below, this represented a
force of 125N at each joint. These data
suggest that therapists are required to
produce very small variations in dis-
placement, sometimes by the applica-
tion of large forces. Both factors seem
conducive to poor performance.
In contrast to the difficulties pre-
sented to reliable stimulus production
during PAIVM, the procedures of FF
and SLR tests seem to be taking ad-
vantage of a naturally available system
for amplification of joint movements.
Anatomical evidence indicates that rel-
atively gross physiological movements
will produce very small intervertebral
movements. For example, during for-
ward flexion of the trunk, approxi-
mately the first 600 is accomplished by
spinal structures alone. Farfan (1973)
and Allbrook (1957) have shown that
approximately 120 of this total is con-
tributed by the L5-S1 joint and a fur-
ther 120 by the L4-L5 joint. The re-
maining lumbar joints contribute about
70 each with the remainder distributed
over the relatively immobile thoracic
vertebrae. It is a commonly held view
that for trunk flexion angles less than
600, the lumbar joints contribute to
the total in an amount proportional to
their contribution to maximal flexion
(although, we have been unable to find
quantitative evidence which relates to
this point). According to this model,
as the trunk moves through 50, the
lower lumbar vertebral joints move
through an angle of 10 and the higher
joints through about 0.5 0. At the same
time, the shoulders, a distance of 0.5m
away from the lumbar vertebral joints
move through an arc length of about
4cm by comparison with the fractions
of millimeters displacement at the joints
themselves. The amplification effect is
quite clear. Similar arguments pertain
to structures affected by the SLR.
The implication is that effects well
within the control of the therapist's
motor skill (or in the case of active
movement tests within the patient's
motor skill) would produce quite small
changes at the spine, thus improving
190 The Australian Journal of PhYSiotherapy. Vol. 31, No.5, 1985
Reliability in Clinical Arthrometrics
the signal to noise ratio of t!te man-
oeuvre.
Further possible problems with passive
intervertebral movement tests
The argument has already been put
that although therapists' ability to lo-
cate a point in ROM is reasonably good
(r = 0.86-0.88), the narrow range of
variation in compliance parameters
places particularly high reliability re-
quirements on the therapist, if the
measures are to distinguish phenomena
of interest. To appreciate the difficulty
further, consider the results obtained
by Weeks (1982) who demonstrated
that an intrasession change of at least
170/0 of scale would have to occur in
Rl for therapists to detect it with 950/0
confidence. Since Rl in the population
probably varies over about a third of
the scale according to the data of Baker
(1981), Weeks (1982) and Flint (1983),
intrasession changes exceeding half of
the total range of individual differences f
in Rl would have to occur for reliable
detection by the therapist. It is equiv-
alent to requiring a joint which is in
the lower quartile of R1 in the popu-
lation to change to the upper quartile.
This seems a very unlikely proposition.
The detection of intersession change,
or of absolute location in range for Rl
or R2, provides an even bleaker pic-
ture.
Another aspect of the judgement task
presented to therapists is identification
of a specific point within ROM. In
assessment of PI, this simply involves
judgement of the current point in ROM
at the time of patient report of pain.
In assessments of compliance features
this requires identification of the fea-
ture and subsequent estimation of the
point in ROM at which this feature
occurs. Identification of a feature seems
to require that the feature exists in
mechanical terms in order to provide
a stimulus. It also seems to require that
the feature be definable uniquely in
terms of the therapists perceptions of
'joint feel'. The experiments of Bant-
ing (1982) and Mitchell (1983), in which
therapists were required to perform
mobilizations to a particular point in
ROM, indicated wide variations in
therapists' 'connotations' of Rl and
R2, since vastly different forces were
utilized to reach the same point in range
on the same subject. In the textbook
(Maitland, 1977) which established the
nomenclature and theory in this field,
we have been unable to find a precise
operational definition of 'resistance'.
Therapists with whom we have dIS-
cussed this issue have not been able to
reach consensus on a definition. A dis-
cussion of the distinctions between
these definitions and their implications
for the construction of the movement
diagram are, however, beyond the
scope of this review.
In the studies reported here specific
features of pain or compliance were
recorded on the two dimensional move-
ment diagram. This two dimensional
VAS helps clarify the therapist's as-
sessment task and is recommended for
summarizing and communicating clin-
ical descriptions (Maitland 1977). It is
of interest to examine the demands it
makes upon the therapist. For exam-
ple, the horizonal axis, which scales
ROM, is defined by Maitland to rep-
resent 'any range of movement from
the starting position at A to the limit
of normal range at B. It makes no
difference whether the movement de-
picted is small or large . . . Point B is
always constant and always at the ex-
treme of normal average range of pas-
sive movement' (Maitland 1977, p.317).
This definition shows clearly that the
therapist is not merely required to re-
spond on a psychophysical scale ac-
cording to current sensory input, a dif-
ficult enough task under the
circumstances, but also has to make
that scale relative to 'normal average
range of movement' .
Several problems may be seen to arise
from defining the scale relative to nor-
mal average range. First, the therapist
is required to alter the scale in relation
to past experience. This is likely to
introduce a variety of biases (Kahne-
man et af 1982, Slovic et af 1977).
Second, the therapist is apparently re-
quired to store many models of nor-
mality, since a different model will be
required for different joints, different
movements and perhaps other subsets
as well, such as those generated by
gender or age. This requirement places
an even larger burden on memory.
Third, the parameter for mental mo-
delling is 'average normal range'. This
seems rather vague, particularly since
it requires statistical interpretation from
the observer. Human intuitive percep-
tion of the statistical parameters of data
samples suffers from several biases
(Slovic et af 1977, Kahneman et af
1982). All of these factors are likely to
increase the error of scaling. Nowhere
in the clinical literature have we been
able to discover evidence that therapists
can in fact cope with such complexity
of judgement. Our data, which con-
sistently returned very poor interther-
apist correlations, suggest that the task
is too difficult.
A final problem, at least for the
central PAIVM data reported above,
may be seen to arise from the sensory
information afforded by the technique.
An essential value of passive move-
ments to clinical theory seems to lie in
the highly localized nature of their
probing. As such the ROM of interest
would appear to be only that which is
relative to adjacent structures, rather
than the overall movement through
space described by the segment tested.
However, consider the following state-
ment from Maitland (1977, p.34): 'If
the pressure is applied as a single slow
pressure, the vertebral movement will
not be appreciated at all; if it is applied
too quickly it can only be interpreted
as shaking. However, if the pressure is
then relaxed and reapplied and re-
peated two or three times a second, the
amount of movement which can take
place will be readily appreciated'. As
this statement indicates, the perception
of relative movement relies not on di-
rect sensation of displacement but on
perception of phenomena which are not
uniquely determined by relative dis-
placement. As such, the movement dia-
gram seems to place a burden of com-
plex and undefined biomechanical
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interpretation on the therapist, which
will be conducive to the introduction
of error. In fact when direct manual
sensation of displacement relative to
adjacent segments is not concomitantly
undertaken, the situation we have usu-
ally observed to be the case during
PAIVM tests, the movement diagram
borders on being a biomechanical non-
sequitur to PAIVM. An alternative
VAS more directly defined in terms of
the sensory experience of the perform-
ing therapist may be preferable.
Clinical implications
As neither of us is trained with a
clinical background in manual therapy
we wish to confine our comments to a
series of questions which the psychom-
etric and biomechanical evidence pre-
sented above seem to raise.
Tests of pain have generally been:
considered most important in the as-
sessment procedure (Maitland 1977).
The reviewed results suggest good ~o
excellent reliability for this aspect of
assessment.
However, the poor reliability shown
by tests of vertebral compliance during
passive movement raisef several ques-
tions about their role in clinical prac-
tice. Presumably one of the major vir-
tues of passive movement tests of
compliance is that they help localize
the pathology. However, are there no
satisfactory substitutes for achieving
this goal? It is not yet clear that these
tests would be required, even if relia-
ble, given the plethora of other case
information, together with epidemiol-
ogical knowledge. lull and Bogduk's
(1985) results interpreted in the context
of those reported here, suggest that
pain reproduction will very reliably se-
lect the level to be treated. How often
do joint conditions present in the ab-
sence of pain? Furthermore, is preci-
sion in selection of level to be treated
necessary? If there is no adverse effect
associated with intervention at inap-
propriate levels, the additional resource
cost involved would appear to be mar-
ginal, thus permitting a 'fail-safe' strat-
egy to locality of intervention.
Another role for passive movement
tests of compliance seems to be to aid
in the selection of a direction and grade
of movement. Again the question
arises, could this decision be made on
the basis of the other information?
Furthermore, the research literature has
yet to demonstrate that the grade of
movement (in the respects defined by
compliance features) selected is critical
to clinical outcome. In any case, both
inter and intratherapist reliability in ap-
plication of movement grades was de-
monstrably unreliable. Could the mo-
bilization procedure be made to be
more reliant on patient comfort and
particularly patient feedback rather
than on manual reassessment following
treatment? If so, there is ample liter-
ature in the experimental psychology
of motor skills which suggest that per-
formance with feedback tends to be
superior (Sage 1977). Perhaps feed-
back-based treatment, utilizing pain re-
port as feedback, is the de facto modus
operandi and the intertherapist unre-
liability in the absence of pain merely
confirms this.
A third role which might be attrib-
uted to passive movement tests of com-
pliance is to evaluate progress. If re-
liability is the criterion for selecting
tests of progress, then the evidence pre-
sented indicates clearly superior alter-
natives. The objection may be raised
that localized compliance changes must
be uniquely traced. However, the case
that compliance changes per se are
pathological or uniquely related to pa-
thology has yet to be definitively out-
lined in the research literature.
A final role which might be attrib-
uted to passive movement tests of com-
pliance in clinical decision strategy is
that of confirmatory tests. A confir-
matory test is undertaken to reassure
that a decision taken on another test
is adequate. This is a common, but
often misused clinical strategy. If test
A correctly predicts a criterion variable
(eg pathology of a given type) on 80070
of occasions and if test B does likewise,
then the final probability of a 'con-
firmed' decision which is also a correct
decision is actually 64070! This arises
because 'confirmation' implies that
both tests yield the same prediction,
thereby invoking the multiplicative law
of contingent probability. On 4070 of
occasions the tests will confirm each
other, but be simultaneously wrong
(0.20 x 0.20 = 0.04). On 16070 of oc-
casons test A will be correct, but test
B will disagree (0.80 x 0.20 = 0.16)
and on another 16070 vice-versa, mak-
ing a total of 32070 of occasions con-
taining difficult disagreements. These
figures deteriorate if one of these two
tests should have a lower percentage
of valid predictions.
In conclusion therefore, the obtained
results suggest that the assessment role
of passive movement tests of compli-
ance be seriously reconsidered, partic-
ularly PAIVM in its present form. If
a case can be made that unique, essen-
tial information is provided by the pas-
sive assessment of compliance, and we
reiterate that such a case has not yet
been made in accordance with the ri-
gors of empirical science, then it would
seem that new methods of testing must
be developed which achieve that pur-
pose.
Present limitations and future direc-
tions
The conclusions drawn in this review
must be understood in the light of the
limitations imposed by the methodol-
ogy of the studies providing the evi-
dence for these conclusions. In par-
ticular, since we are reporting on an
incomplete series of small studies,
which of necessity must be limited in
their sampling, several issues require
discussion.
The number of therapists investi-
gated in anyone study was typically
small. However most issues were ad-
dressed by more than one study and
consistent results were obtained. Some
of the studies reviewed here involved
student manual therapists who had
varying degrees of clinical experience
in physiotherapy practice but who had
not yet completed their specialist pro-
gramme in manual therapy. They had
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however completed and passed the unit
relevant to the particular procedures
assessed. Several points can be put for-
ward to argue the case that poor results
were not the effect of therapist inad-
equacy or inexperience. Firstly, it might
be argued that student therapists had
recently completed a period of very
intensive clinical training and were in
fact likely to perform better than prac-
tising therapists who used some of these
techniques less frequently. Secondly,
when studies utilizing student thera-
pists were replicated with experienced
therapists, no significant differences in
results were obtained. Thirdly, motor
learning research suggests that when
learning occurs in the absence of ex-
teroceptive feedback, variability about
some mean performance is reduced but
the average performance remains un-
changed (Gibson 1969). It is conceiv-
able that upon completion of a period
of formal training the therapists no
longer receive information about the
correctness of skills employed in prac-
tice from a common source and are
therefore continuing to learn in the ab-
sence of shared feedback. We might
therefore expect improvements in test-
retest reliability in more experienced
therapists. However, because their ex-
perience may have been individualized,
it is possible that there will be no
change, or even a deterioration, in in-
tertherapist reliability. Finally, we
could argue that the therapists selected
represent a cross section of practising
therapists and therefore represent the
general level of therapeutic skills. We
are unaware of factors which could
have biased the samples toward the
'poor' therapists; in fact, in some cases,
efforts were made to involve the more
respected and established members of
the therapeutic community.
In addition to 'type of therapist'
other variables were sampled. These
include anatomical location and assess-
ment technique. Although cervical and
thoracic segments were sampled in
some studies the lumbar segments were
observed much more frequently. The
data from non-lumbar segments col-
lected so far does not suggest that sig-
nificantly better results for PAIVM
tests of compliance will be obtained in
these segments. Finally, it should be
clear that since all studies reported are
about spinal joints, no statement can
be made about reliability in the assess-
ment of peripheral joints. Clearly this
aspect requires further investigation,
particularly because substantial differ-
ences exist between spinal and periph-
eral joint assessment. For example, in
peripheral joints goniometry is more
readily applicable with current tech-
niques. Furthermore, a contralateral
joint is available for simple comparison
in peripheral joints. Contralateral com-
parisons in spinal joints, when they are
appropriate, seem rather more complex
because both joints belong to the
affected level.
In the assessment of spinal-joint
compliance a number of interesting
reliability comparisons remain to be
conducted. The PAIVM data collected
to date is limited to central PAIVM.
The reliability of unilateral PAIVM
seems deserving of investigation since
among other differences to central
PAIVM, a contralateral comparison of
sorts is available. In addition most of
the evidence collected so far relates to
PAIVM technique. The reliability of
PPIVM tests, particularly in the cerv-
ical spine also seems to deserve further
investigation. In PPIVM the stimulus
movement at the spine may be more
controllable than in PAIVM because
of the mechanical advantage argument
invoked above in the discussion of the
superior reliability of SLR and FF tests
of pain. This could be particularly so
for cervical movement where the ther-
apist has a more manageable structure
than the trunk. Furthermore, unlike
PAIVM tests, during PPIVM tests the
therapist is required to directly palpate
the relative movement of adjoining seg-
ments in addition to sensing the force
required to produce that movement.
A number of lines of research are
also suggested by the results obtained.
For example, we have already men-
tioned that the poor reliability of pas-
sive assessment of compliance features
indicates that their contribution to the
overall clinical decision process should
be carefully assessed. Our group has
taken some initial steps in that direc-
tion (Cunningham 1982, Walker 1984).
If compliance assessment proves in the
future to be essential to clinical deci-
sion-making more reliable tests will
need to be developed. It may be nec-
essary to develop instrumented
approaches to this problem. Thomp-
son's study (1983) is a first step in that
direction in our laboratories. In any
case, such instrumentation will be
required if adequate surveys of spinal
joint compliance are to be completed
in order to provide the normative data
currently missing from the scientific
literature of manual therapy. The poor
reliability found for production of
selected grades of movement further
strengthens the requirement to inves-
tigate the dependence of clinical out-
come on particular grades of
mobilization, a requirement initially
posed by the apparent absence of for-
mal study on this central issue in some
approaches to mobilization.
Manual therapy, at this point in its
development, is in the position of hav-
ing developed to the stage of a complex
clinical theory well in advance of a
sound base of verifiable, empirical
data. It should be clear from the fore-
going that even within the narrow aims
selected by the respective investigators
a great deal remains to be done. It is
our hope that the above will prove to
be a seminal contribution in the field
of clinical arthrometrics.
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where X o = X o - Xo ' the deviation of the observed raw
score from the mean of the observed scores;
x t = X t - X t , the deviation of the true score from the
mean of the true scores; and e = Eo - E the deviation
these circumstances. Constant error does affect the truth
of the absolute value, but the difference between two
observed scores will be equal to the true score difference.
However, if the error is random, measurements will vary
unpredictably even when the same true value is under
observation. The quantitative theory of reliability is con-
cerned therefore with random error.
Since E may vary from one occasion of measurement to
the next, a consequent problem is how to summarize the
'typical' size of E. Furthermore, the interest usually lies in
describing how reliable an observation process is for a
variety of objects which lie on a common dimension, rather
than in describing the reliability for measuring only one
object. This also requires the definition of a method for
indexing the 'typical' value of error. Thus in estimating
error, a sample of values is usually generated. Hence the
issue of 'typical' error is a problem in sampling theory and
the associated descriptive statistics.
If a sample consisting of one measurement of several
objects is taken, then each score could be expressed as a
deviation from the sample mean rather than in raw score
units. Equation (A.2) then follows from (A.]):
Appendix
Reliability theory is a highly developed field with ample
presentation of its concepts (Guilford 1954, Edwards 1964,
Nunally 1978). This appendix will only review selected
issues of interest to a number of the studies reported in
this review. A knowledge of basic statistical theory (mean,
variance, correlation, statistical inference) is assumed in
the following discussion.
The reliability of a measurement process refers to the
dependability, or reproducibility of observed scores when
these are obtained from measurements of the same events.
Realiability classically relates the extent to which observed
scores represent the true values of the events measured.
Equation (A.]), where X o = observed score X t = true
score and E = error component, shows that the observed
value can be represented as being partly composed of true
quantity and partly error.
X o = X t + E (A.])
If X t is known the discrepancy of X ° readily quantifies
the error. The larger E is the more unreliable is the ob-
servation.
Two patterns of error can occur: systematic error, such
that E is constant; and random error, such that E is
unpredictably variable from measurement to measurement.
If the error is constant, then observed scores will be the
same across several measurements of a given true value.
The instrument is therefore not considered unreliable under
X o = X t + e (A.2)
The Australian Journal of PhYSIOtherapy. Vol. 31, No.5, 1985 195
Reliability in Clinical Arthrometrics
The average squared deviation from the mean is known
as the variance, or S2. Therefore, the variance of observed
scores is composed of true variance plus error variance:
Summing over the sample and dividing by the number
of cases yields the averages:
Ex2 E(x~ + e2 + 2x te)__0 = _
Ed; + E(e - e,)2
Ed; + (Ee2 + Ee' 2 + 2ee '
Ed~
.'. s~o
If n is the number of pairs of observed scores, then:
Ed~ E7 (Ee2 Ee' 2)
--=-+--+--
n n n n
do X o - X o
(XI - XI) + (e - e')
Note that E2dl (e - e') = 2d t E(e - e') and
E(e - e') = Ee - Ee'. Since both e and e' are random
within (and between) the measurelnent samples, then
Ee = Ee' = 0 and E(e -e') = 0 (within the limits of
sampling error) following the earlier argument. Thus E2d t
(e - e') = 0 and:
If the true difference In deviation units is
d, = (x, - XI)
then:
Again, since e and e' are random, the positive and
negative components will be equal (within the limits of
sampling error). Thus E2ee' = 0 and:
d~ =:;; [d I + (e e ' )J2
d~ + (e - e,)2 + 2d t (e - e')
. Ed~ Ed; + E(e - e,)2 + E2d, (e - e')
the random error In deviation units, then It follows from
(A.2) that:
(A. 7)
(A. 6)
(A.3)
(A.4)
(A.5)nn
X~ = (x t + e)2
x~ = x; + e2 + 2x te)
Ex~ ~ Ee2 E2x te
-=-+-+--
n n n n
of the error component from the mean of the error com-
ponents.
Since the problem is to obtain a measure of 'typical'
amount of random error, the deviation scores could be
averaged over the sample. However, if error is random,
there will be just as much positive deviation as negative
deviation, yielding a misleading average of zero. To over-
come this, statisticians deal with squared deviation, which
has the effect of removing the algebraic sign. The mean
squared deviation score will not average to zero. In devia-
tion score units the average may be obtained as follows:
That is,
Since the error is randomly positive and negative in equal
quantity, over the total sample Elxt ewill tend to be zero,
as in the earlier argument. n
Therefore, EX~ Ex; Ee2
--=-4--
n n n
Hence,
This index is more readily interpreted and is commonly
cited.
Frequently the interest lies in measuring change from
one occasion to another. In these situations each of the
two measurements will introduce some error. If do is the
observed difference score in deviation units, X o is the ob-
served deviation score on the second occasion and e' is
Since s; is the amount of squared error (in deviation
units) per case it seems to be an adequate measure of
'typical' error.
However, there are several drawbacks to using s; as the
sole index of reliability. One is that the units of error are
squared, which makes interpretation awkward. This is eas-
ily resolved by defining the squared root of s; to be the
'standard error of measurement':
Consequently the error of measuring change will be larger
than the error for measuring on either occasion. The stand-
ard error of measuring changes (Se dill) will be:
(A. 10)se dill = .Js.; + s;,
The standard error of measurement however is a measure
of 'typical' error. The error will sometimes be less, some-
times more. Most often, it is assumed that error is variable
in both direction and magnitude, with small errors more
probably than large errors. Although situations may arise
where other assumptions are better, it is unusual to imagine
that the errors around a true value are normally distributed.
Thus the mean of a sample of observed values of the same
event will be the best estimate of the event's true score. If
the errors around this true value follow the assumed normal
distribution it is possible to calculate over what range some
specified proportion of observed values will fall. This sta-
tistic is known as the confidence interval (eI):
(A.9)
(A.8)
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Furthermore, since the same events are being measured
twice, within the limits of sampling error the two samples
X and Y should have the same variance, s; = s;. The
Yo = Y t + E (A.I3)
All of equations (A.2) - (A.I2) can be rewritten for
these second measurements. Since reliability can be defined
as the extent to which measul ements predict remeasure-
ments of the same events, the correlation between X and
Y will be an index of reliability. The correlation coefficient
is defined as the average cross-product of the standardized
score on X and Y:
measurements composed of several observations a part-
score from a subset of the observations may be compared
to a part-score based on another subset (internal consist-
ency). These are all different practical methods for ob-
taining two estimates of the same underlying true value.
Although the error introduced in attempting reobservation
by different methods are likely to be different, all these
practical approaches to establishing reliability have in com-
mon the need to quantify the degree to which one set of
observations~ predicts another set of observations of the
same events.
The correlation coefficient r (Edwards 1964) is a measure
of the degree to which one data set predicts another. If
the sample of events is remeasured (eg on another occasion,
or by another observer), then equation (A.I3) relates the
observed scores Yo the true scores Y t and the error E:
(A. 14)
EZx Zyr = ---
n
We will assume that the reader is already familiar with
the theory of correlation, which indicates how this index
relates to scattergrams; and how it varies between 0 (when
X and Yare randomly related) and 1.0 (when X, Y co-
ordinates plot perfectly on a straight line).
An algebraically equivalent equation for r can be written
in deviation scores since Z x = (X - X) / Sx and
Zy (Y - Y)/Sy :
r = Exo Yo
vi Ex~Ey~ (A.15)
If ex and ey are the error deviation scores for X and Y
respectively, then:
Exy = E(x, + ex) (Yt + ey )
= Ex,y,+ Extey + Ey,ex + Eexey
Since ex and ey are random (with positive and negative
values equivalent and randomly paired to particular x t ' S
or y t' s) it follows that Extey = 0, Ey tex = 0, and also that
Eexey = O. Thus EsoY 0 = Ex,yt. Since the same events
are being remeasured x t = Y t and therefore
Exoyo = Ex; = Ey; (A. 16)
(A. 11)
where (1 - a) is the confidence level and Z a is the appro-
priate value from the normal distribution. An analogous
equation can be written for difference scores by substituting
Se dlff for Se' The virtue of transforming a standard error
into confidence intervals is that it acknowledges the error
to be variable and permits calculation of the proportions
of observations which will occur within some given error
range, or vice-versa. It thus more completely models the
error of measurement.
Another drawback to both s; and Se is that they are
metric bound indexes. That is, standard errors of various
measures are not readily comparable: different approaches
to measurement must often be compared; measurement
units are sometimes arbitrary; the comparative reliability
of measurement in different fields is an issue at times. In
these cases a unit-free index of reliability is preferable.
Percentages or proportions are often used to resolve such
a problem. From (A.B) it follows that:
2 2
~+~ = 1
s~ s~ (A. 12)
Thus s;/ s~ is the proportion of observed score variance
due to true score variance and s;/s~ is the proportion due
to error score variance. The former may be defined as a
coefficient of reliability. For a perfectly errorless measure-
ment method s; = O. Thus s; = s; and the reliability
coefficient s;/ s~ will be 1. As s;/s~ increases so the reli-
ability diminishes. For a measurement method which is
maximally errorful all the observed variance is error var-
iance, ie s; = s~. In this case s; = 0 and the coefficient
of reliability will be zero.
How then to estimate S e and its associated statistics in
practice? Clearly one way might be to measure a set of
events whose values are known, then calculate s~ and s;
from observed and known values. From this, s~ and its
derivatives s e " SedIff" the reliability coefficient and var-
ious confindence intervals could be obtained.
Unfortunately, in practice, particularly in new fields of
measurement, this is often impossible, since the true values
are not known. However, although the true values are not
known, it can be safely assumed that if a variety of events
are measured, some variation in true scores should occur.
If these events are measured again the initial values should
be exactly reproduced provided there is no error. To the
extent that there is random error the relative position among
the initial observations will not be reproduced.
It should be noted that failure to reproduce scores can
result from several processes. Instruments or observers may
be unstable over time (test-retest unreliability). Measures
taken by two observers may differ (interobserver unrelia-
bility). Measures taken by two versions of the same in-
strument or test may differ (parallel form unreliability). In
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(A.20)
r =
(A.22)
(A.21)
,(Sis)
R = J/
The preceding discussion is concerned with the theory
of reliability as it applies to variables measured on interval
or ratio scales such as might occur in goniometry. Often
clinical measurement is categorical in nature, such as when
rating abnormality, or when rating the stiffness of a joint
along a five point scale. A reliability theory needs to be
defined for these situations also.
A frequently employed measure for describing test-retest
or interobserver reliability of categorical data is the per-
In equation (2I)R = correlation for uncurtailed distribu-
tion, S = standard deviation of uncurtailed distribution,
, = correlation of the curtailed distribution, s = standard
deviation of the curtailed distribution.
Another conclusion derived from reliability theory which
is relevant to the main text is that the observed correlation
between two variables will be less than the theoretically
possible correlation between their true scores. This occurs
because both variables are measured with some random
error. If the reliability coefficients for both variables are
known, the theoretically possible relationship between the
two variables when measured without error can be calcu-
lated (2). If X and Yare the two variables, r XtYt = the
correlation between the true X and Y scores, , x Y =
observed correlation between X and Y, rxx = the reliability
coefficient for measuring X and r yy = the reliability coef-
ficient for measuring Y, then:
Imagine an experiment where a blindfolded human sub-
ject is required to palpate lO cubes, the sides of which vary
in 5mm steps from lOmm sides to 55mm. The cubes are
then repalpated. The subject is required to judge their size
on both occasions and a reliability coefficient is calculated.
Conversely imagine the same experiment with 10 cubes
varying in Imm steps from 20mm to 29mm. Since the same
palpatory technique is employed on similar events the ran-
dom error of measurement in metric terms e should remain
comparable (within the limits of sampling variation). Thus
Se is assumed constant across the two experiments. How-
ever the true score variance will be larger in the first
experiment with cubes ranging from IOmm to 55mm. It
follows from equation (A.20) that if s; diminishes when
s; remains constant, then the ratio r will diminish also. It
is therefore important that reliability studies use stimuli
with a range of variability which is representative of the
events to which the instrument or observational procedure
will be ultimately applied. If a range restriction does occur
a correction is available:
(A.l9)
(A. 18)
(A.17)
- ,
S;
r =
s~
Ex~ = Ey~
Note that both' and So are readily calculated from ex-
perimental data.
The preceding theory outlines the rationale and inter-
pretational basis of the major classical indexes for quan-
tifying reliability: the standard error of measurement (se) ;
the reliability coefficient (r); and the confidence interval
(eI) around the true score (or around the change score).
A number of further conclusions are derivable from the
foregoing. An entire exposition of these is beyond the scope
of this contribution. However two aspects are important
to arguments present~d in the main text.
One aspect is that the reliability coefficient is sensitive
to the amount of true score variance. If the true score
variance is for some reson restricted the reliability coeffi-
cient will be reduced provided the error of measurement
remains constant. This conclusion follows from equations
(8) and (18). Since, = s;ls~ and s~ = s; + s; then:
,
variance being the average squared deviation it follows
thatEx~ IN = EYoln.That is:
where s; = true score variance and s; observed score
variance. Equation (A.I8) allows the very important con-
clusion that the correlation between two measures of the
same sample of events is in fact the reliability coefficient
defined from equation (A.I2).
This conclusion not only enhances the interpretation of
reliability and its evaluation in practice, but also permits
evaluation of the other useful index of reliability s and its
derivative the confidence interval. From equation (A.I2) it
follows that 1 - r = s; /s~. Thus s; = s~ (1 - ,) and
therefore:
From equations (A.I6) and (A.I7) equation (A. 18) may be
rewritten:
Dividing both nominators and denominators by n defines
, in terms of variances:
Ex;ln Ey;ln
, = Ex~/n = Ey~/n
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Kappa expresses observed agreement Po relative to expected
agreement. It also expresses that difference as a proportion
of the distance between random and perfect agreement.
Thus kappa is very similar to the reliability coefficient. If
Po is 100070, then K = 1,. if Po = P e', then K = o. As
Po exceeds P e so kappa grows. Although the analogy
between k and r is limited, a number of problems are
practically resolved by this statistic. The probability dis-
tribution of kappa has been investigated (Fleiss and Cohen
1969, Hubert 1977) and it is a method with relevance to a
wide variety of reliability problems when categorical data
is encountered (Hartman 1977, Hollenbeck 1978). Other
correlation-like statistics, such as <P, are applicable to prob-
lems of association in categorical data, but a full discussion
of their relative values is beyond the scope of this appendix.
(A.23)K=
rating. Let a, b, e, d be the proportion of ratings in the
respective categories obtained on the first round of meas-
urements and let a', b', e', d' be the corresponding
proportions on the second round. If agreement is defined
as not only the conjuction of identical ratings, but also of
adjacent ratings, then elementary probability theory con-
cludes that Pe = aa' + ab' + ba' + bb' + be' + ee'
+ cd' + dc' + dd'. In the above example a = a' =0.1,
b = b ' = 0.4, c = e' = 0.4, d = d' = 0.1. Therefore
P e = 0.82, which is substantially larger than 0.34, the
result obtained with the stricter agreement rule.
To overcome such disadvantages Cohen (1960) defined
the statistic kappa:
Po - P e
1 - P e
centage of agreement between the two sets of observations.
The rationale is similar to that of the reliability coefficient:
the presence of error will reduce agreement. Although
simple and widely used, percent agreement has some de-
ficiencies.
Even if measurement is totally unreliable, that is if the
obseI ved categories arose at random, there will be some
degree of agreement. Furthermore, that degree will be
influenced by the distribution of measurements which arise
from random processes. These distributions are different
in different circumstances.
For example, the number of categories in the scale will
influence randomly obtained agreement levels. On a two
point scale, if both responses are equiprobable the expected
agreement rate is 0.50. On a four point scale, if all responses
are equiprobable, the expected agreement rate is 0.25.
In addition, the assumption of equiprobability may be
inappropriate. If the incidence of the two middle categories
in the four category example was 0.4 for each and if the
incidence for the two extreme categories was 0.1 for each,
then basic probability theory indicates the percentage of
expected agreement (Pe) would be P e = (.1 x .1) + (.1
x .1) + (.4 x .4) + (.4 x .4), tllat is 0.34. The two
distributions of marginal probability, furthermore, need
not be identical as in this example. Nevertheless, basic
probability theory can readily Yield expected proportions
of agreement under the random model.
Another factor which can influence the proportion of
agreement under a random model is the definition of agree-
ment. Let A, B, C, D be the four categories of the above
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